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SPERM PRECEDENCE IN THE FERTILIZATION OF EGGS 
IN TRIBOLIUM CASTANEUM! 


GUNTHER SCHLAGER?® 4 


ABSTRACT 


By using a black-body-color mutant of Tribolium 
castaneum, the degree of utilization of sperm from a new 
sire was investigated. In the fertilization of eggs, 
sperm transferred in later copulations took precedence 
over sperm already in the spermatheca. The two types 


The purpose of this study was to determine 
whether sperm transferred in later copulations 
take precedence over sperm already in the 
spermatheca of Tribolium castaneum Herbst. 
With the increased use of Tribolium in genetic 
investigations, this question is of importance. 
The life span of this beetle is of sufficient duration 
to permit backcrosses of the fourth and fifth 
filial generations with the orginal parents. Use 
of genetic information from such _ backcrosses 
necessitates a knowledge of the efficacy of sperm 
transferred in subsequent matings in taking 
precedence over previously deposited sperm in 
the fertilization of eggs. 


MATERIALS AND METHODS 

The beetles used in this study were of the 
“foundation”? stock (wild-type) and the black 
mutant of Purdue University. These stocks will 
be represented by symbols +/+ and b/b, 
respectively. 

The method used to determine the degree of 
utilization of sperm from a new sire was based 
on that employed by Drosophila workers (Nonidez 
1920, Kaufman and Demerec 1942, and others). 
A virgin female of the mutant stock (b/b) was 


\Contribution No. 1072 from the Department of 
Entomology, The University of Kansas. Accepted for 
publication February 8, 1960. Research supported and 
partial cost of publication of this paper met by National 
Science Foundation Grant No. G-5946. 

2This investigation was carried out during the tenure 
of a predoctoral fellowship from the National Cancer 
Institute, United States Public Health Service. 

8The author wishes to express his gratitude to Dr. 
A. E. Bell, of Purdue University, for the Tribolium 
castaneum stocks used in this study; to Dr. C. D. 
Michener for reading the manuscript; and to Mrs. Ann 
Schlager for preparing the figures. 


of sperm evidently became mixed in the spermatheca, as 
both types of progeny developed from the eggs laid over 
several successive days after mating was suspended 
[he findings were related to the structure of the 
spermatheca. 


mated with a wild-type male (+/+) for a period 
of time, after which this male was replaced by a 
mutant male (b/b). The number and genotype 
of the progeny were recorded for each female. 
It was then possible to determine the sire from 
the progeny, since the b/b offspring could only 
be sired by the b/b male, and the b/+ offspring 
only by the +/+ male. 

In a preliminary experiment, 7-day-old females 
were placed, one to a vial, in each of 10 vials. 
Each type of sire was left in the vial for 7 succes- 
sive days, during which time the eggs were col- 
Table 1.—Design of the second experiment testing the 
precedence of sperm in fertilizing eggs 

Twenty replicates were used 


Age of Genotype of 
male* male 


Age of 
female* 


days days 
11 21 
16 16 
21 31 


26 26 
*At time male was introduced. 


lected daily. The female was then removed and 
maintained singly; eggs were collected daily for 
13 days, and at weekly intervals thereafter until 
the female died. 

The design of the second experiment is shown 
in table 1. Each female was mated with four 
males, in the following sequence: wild-type, 
mutant, wild-type, mutant. Eggs were collected 
daily during the entire period of mating and for 
an additional 6-day period, and thereafter at 





DOS 


irregular intervals until 78 days after the intro- 
duction of the first male. 

The procedure for collection of eggs in both 
experiments was to empty the contents of the 
mating vial onto a number 00 silk bolting-cloth 
screen resting on a funnel which opened into a 
6-dram shell vial. The flour was carefully shaken 
through the screen into the vial, while the adults 
were retained and were then placed in new vials 
containing 14 gram of fortified flour in the first 
experiment, 2 grams in the second one. The 
progeny were allowed to develop for 35 to 40 
days before counts were made. This length of 
time was sufficient to permit all the adults to 
emerge and all of the black beetles to darken. 
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se 1.—Results of the preliminary experiment. Abs- 
he day of egg collection; ordinate. the frequency 
of wed type of progeny, with b/b offspring above and 
b/+ offspring below the center line. Vertical dotted 
line indicates the time of male replacement 


cissa, 


The males of the mutant stock were marked 
with a white dot on the elytra to facilitate their 
removal on the day of male replacement. In the 
second experiment dead males were replaced by 
others of similar age 

All experiments were carried out at a tempera- 
ture of 29° C. and a relative humidity of approxi- 
mately 70 percent. The medium used was a 
mixture composed of 95 percent whole-wheat 
flour (sifted through a No. 7 silk bolting cloth) 
and 5 percent brewer’s yeast. The prepared vials 
were acclimatized under the experimental con- 
ditions for at least 3 days before they were used. 


EXPERIMENTAL RESULTS AND DISCUSSION 
Figure 1 represents the pooled data of six vials 
of the preliminary experiment. Of the original 
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10 vials, 3 were discontinued when the female 
died before the second sire was removed, and one 
other vial was not included in this summation 
because the mutant male died after being in the 
mating vial for 5 days only. The data from this 
last vial agree with those from the other six, but 
the appearance of both types of progeny occurred 
3 to 4 days sooner due to the earlier discontinuance 
of mating 

The preliminary experiment shows that with 
the introduction of the second type of sperm, 
production of offspring of the first sire ceased, 
and that these reappeared a few days after the 
second male was removed from the vial. 

Figure 2 shows the results from 17 individual 
vials of the second experiment, the females in 3 
vials of the original 20 having died before the 
removal of the second male. Of these 17 vials 
remaining, 12 (71%) showed some offspring of the 
new sire from eggs laid the day after the first 
replacement, all of the 17 (100%) after the second 
replacement, and 13 (76%) after the third replace- 
ment. Only three vials did not show complete 
replacement by the new-type progeny some time 
before the end of every 5-day mating period, 
and each of these three vials did show two of the 
expected three replacements. If each male 
replacement is taken to be an independent mating, 
51 of the 54 matings (94%) showed that produc- 
tion of offspring sired by the previous male 
ceased some time before the end of the 5-day 
period. 

After the suspension of mating, offspring sired 
by the previous male appeared in all but two of 
the vials (S8S%). The females in these two vials 
died relatively early (days 26 and 27, respec- 
tively), and possibly the b/+ progeny might 
have appeared here also if the females had lived 
longer. This suggestion is supported by the fact 
that in four of the vials b/+ progeny did not 
appear until a later date 

A relationship was apparent between the 
number of progeny and the percent heterozygotes 
produced after the suspension of mating. This 
was tested by the corner test for association 
(Olmstead and Tukey 1947) and found to be 
significant (0.02<P<0.05). In other words, 
there was an increase in the percent heterozygotes 
as the total number of progeny increased. If the 
total number of progeny produced after the sus- 
pension of mating is any indication of the number 
of sperm stored in the spermatheca, it would seem 
that the proportion of sperm present from 
earlier inseminations increases as the total 
number of stored sperm increases. 

The results of these two experiments can be 
related to the structure of the spermatheca of 
Tribolium castaneum. Sinha (1953) found that 
the spermatheca in this beetle was a rectangular, 
muscular chamber composed of four long, con- 
voluted pouches. These pouches were capable of 
providing long-time storage of large quantities 
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of sperm. He also found that the vagina con- 
tained many sperm cells under ordinary condi- 
tions, and thought it possible that the spermatheca 
provides only for long-time sperm storage. These 
histological observations agree with the experi- 
mental findings on sperm precedence. Recently 
deposited sperm probably remain in the anterior 
end of the vagina and are used first in the fertili- 
zation of eggs. Subsequently deposited sperm 
would thus take precedence over all previously 
deposited sperm. Sperm stored in the sperm- 
atheca are then used after mating has been sus- 
pended. There is evidently a mixing of the 
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sperm in the spermatheca, since both types of 
progeny may appear together for several successive 
days. 
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(LEPIDOPTERA: GEOMETRIDAE)' 


DAVID EVANS 


Forest Biology Laboratory, Victoria, B. C. 


ABSTRACT 


This genus, erected by Hulst in 1896 for Cleora venata 
Grote, now includes four species. These are restricted 
to western North America, and apparently are of little 
economic signifiicance. E. venata (=E. perangulata 
Hulst, n. syn.), E. griseata Grossbeck (=E. moillietti 


This study was based on approximately 1,000 
larvae, 600 pupae, 1,100 adults, and 95 genitalic 
slides, many of them obtained through the 
courtesy of other workers. The individual adults 
used for species descriptions were selected for their 
typical appearance rather than for their affinity 
to type specimens. Setal nomenclature follows 
that of Hinton. Thoracic and abdominal seg- 
ments are abbreviated T and A respectively, with 
a suffix number. Host trees are listed in pref- 
erential order. Egg capacity indicates the aver- 
age number of well-developed eggs dissected from 
each of approximately nine females of the species. 
Data on parasitism were obtained from the files 
of the Forest Biology Laboratories at Vernon 
and Victoria, B. C., and Calgary, Alberta. The 
following generic characteristics are given to 
prevent repetition in the species descriptions and 
do not constitute a complete generic description. 


GENERIC CHARACTERISTICS 
Ecc: Subellipsoid, slightly flattened; one end 
subtruncate and margined by a single row of small 
longitudinal fin-like cornices, widely spaced; 
remainder of shell smooth and unmarked; ivory 
in color when freshly laid. 
LARVA: Head approximately as wide as body. 


‘Contribution No. 576, Forest Biology Division, 
Research Branch, Department of Agriculture, Ottawa, 
Canada. Accepted for publication August 17, 1959. 


Blackmore, n. syn.), E. packardata Taylor, and E. 
coolidgi Cassino and Swett are redescribed, and data are 
presented on the morphology of different stages, on life 
cycles and ecology, and on distribution of species. Keys 
are given to larvae and adults. 


Cranial setae fine, inconspicuous; setal papillae 
small, scarcely raised. Gena with six ocelli 
spaced in a semi-ellipse, ocellus V slightly below 
this curve, and ocellus VI directly above V. 
Labrum deeply emarginated by a notch of ap- 
proximately 90°. First-instar mandibles with 
six teeth, three ridges on inner surface, no re- 
tinaculum (fig. 4a); sixth-instar mandibles with 
nine teeth (fig. 4b). Hypopharynx with one pair 
papillae and two pair setae along inner submargin 
of premaxillary area; labial palpi short. 

Body form regular and robust, anal prolegs 
not extended. Prolegs colored as body with 
darker markings near joints. Anal proleg with 
elongate shield along lateral margin bearing four 
setae (MSD, L2, L3, and SV1). No tubercles, 
integument appearing smooth; thoracic and anal 
shields not prominent. Anal shield with one 
pair medial setae subdorsally (D1), and three 
pairs marginally: one lateral (SD1), and two 
subapical (L1, D2). Setae fine, brown in color 
with pale bases, papillae small and dark. Spi- 
racles elliptic, brown; peritremes darker brown. 
Crotchets arranged uniserially in biordinal homo- 
ideous mesoseries, smaller ones concealed medially 
by flap of pulvillus. 

Pupa: Male.—Typically obtect, all append- 
ages fused, only A5, A6, and A7 movable. 
Head, thorax, and anterior of each abdominal 
segment finely rugose, the latter also moderately 
punctate; posterior of abdominal segments very 





1960] Evans: 
finely reticulate; unsclerotized posterior of A4, 
A5, and A6 finely, densely papillate. Setae small 
and sparse, cremaster well formed. Wing cases 
terminating at posterior margin of A4. Antennae 
moderately fine, simple; segments appearing some- 
what beadlike near apices. Prothoracic leg ap- 
proximately one-fourth shorter than mesothoracic 
leg. Maxillary palpi not visible. Al spiracle 
hidden, AS8 spiracle less obvious than the others. 
A10 longitudinally striate dorso-basally, remain- 
der of its dorsum and ventral surface rugose; 
genital pore on anterior ventral Al0, compressed 
heart-shape in outline, slightly convex with mid- 
ventral groove, making A9 roundly emarginate 
and very narrow ventrally; Al0 slightly swollen 
ventrally, anal depression, terminus slightly flat- 
tened, more acute than equilateral; three long 
cremastral hooks spaced evenly along each dorso- 
lateral submargin, approximately end to end, each 
hook with a single tight curl at apex, two longer 
terminal spines. 

Female.—As male, except for the flat genital 
pore: a short midventral groove across A9, the 
latter very narrow and V-shaped ventrally. 

ApuLtT: Male.—Body slender and_ tapered. 
Antennae finely tapered; short, fine, dark, sienna 
scales ventrally; bases with ivory-white scales. 
Frons with long, dense, decurved scales ivory- 
white in color. Genae narrowly margined by 
fine, near-black intermixed scales. Coxae and 
venter of thorax with long, fine, dense scales 
creamy-white in color. First leg with a single, 
curved, flat, appressed spur on posterior side of 
the tibia, approximately half the length of the 
tibia and reaching to its apex; second leg with 
two subequal, spike-like spurs at distal end of the 
tibia, the longer spur on the inside; third leg with 
two sets of spurs, similar to those on the second 
leg, second pair subterminal, no hair pencil 
(Hulst 1896; Grossbeck 1908). Forewing with 
transverse anterior line irregularly quadridentate ; 
median area more densely fasciate than base or 
radial margin, transverse posterior line irregularly 
bisinuate. Uncus of genitalia bell-shaped in 
outline, with a triangular socius projecting in- 
wards from each basal-lateral margin, these flaps 
with several long, fine hairs on posterior edge of 
their terminals. Moths from Alaska, northern 
British Columbia, and Alberta are generally 
larger and more distinctly marked than moths of 
similar species from southwestern United States. 


BIOLOGY 


Eggs are usually laid during late evening, and 
deposited on their side singly or in twos on the 


current or last 
always firmly 


the leaves on 
They are not 


undersurface of 
year’s growth. 
attached. 

The emerging larvae do not eat the egg shell, 
nor do they later consume their exuviae. Larvae 
prefer to eat subterminal foliage, i.e., the most 
mature of the current year’s growth. First-instar 
larvae feed on the underside of the leaf, and rest 
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on the upper midsection. Ensuing instars eat 
progressively larger portions of the leaf terminals, 
eventually leaving only the basal quarter or 
stem. Larvae tend to rest in an extended posi- 
tion along the leaf. The larvae live singly, and 
there is no record of them occurring in quantity. 
The winter is passed in the larval stage, usually 
as fourth instar. An overwintering larva webs 
together a few leaves to form a small chamber 
near the twig base, where it curls up, feeding 
occasionally in warm weather on nearby foliage. 

The pupa is formed in a loose silken chamber 
among the living foliage near the final food site, 
and is fairly active. 

The moths are quite good night fliers, positively 
phototropic, and moderate feeders, although sel- 
dom attracted to flowers. Caged adults mate 
readily, dependent on a minimum temperature of 
approximately 50° F. The copulation period may 
last from a few minutes to several hours. Fe- 
males may mate four or five times. 


KEY TO LARVAE 
Larvae brown in color; young larvae may be 
greenish, but have dark lines and monocolor 
brown heads; seta D1 on anal shield approxi- 
mately equidistant from SD1 and LI (fig. 1a) 
venata 
Larvae green and white; head green or brown, with 
pale vertices; D1 closer to SD1 than to L1.... 2 
From east of the coast mountains in British Colum- 
bia, Washington, and Oregon; east of Sierra 
Nevada in California; head green; D2 setae on 
anal shield longer than the space between them 
(fig. 1b) griseata 
From the coast mountains and west, Sierra Nevada 
and west; head brown; length of D2 setae approxi- 
mately equal to their interspace 
Head with dark brown epicranial markings; near- 
white subdorsal stripe possibly yellowish above 
or at intersegments, not onto anal shield; tip of 
anal shield slightly emarginate packardata 
Head without dark epicranial markings; near-white 
subdorsal stripe blotched pale yellow in middle 
of each segment, onto anal shield; tip of anal 
shield slightly produced (fig.1d). coolidgi 
KEY TO ADULTS 
Transverse anterior line extending to discal bar. venata 
Transverse anterior line not extending to discal 
bar a 
From east of the coast mountains in British Colum- 
bia, Washington, and Oregon; east of Sierra 
Nevada in California; wingspan usually more than 
29 mm.; male with aedeagal spines griseata 
From the coast mountains and west, Sierra Nevada 
and west; if wingspan greater than 29 mm., then 
male without aedeagal spines 3 
From southern California (San Bernardino Co. 
area); wingspan usually less than 29-mm.; male 
with aedeagal spines coolidgi 
From northern British Columbia to southern 
California; wingspan usually more than 29 mm.; 
male without aedeagal spines packardata 


Enypia venata (Grote) 
Cleora venata Grote 1883: 133. 
Enypia venata, Hulst 1896: 348; Cassino and Swett 1923 
13; Barnes and Benjamin 1929: 185. 


Enypia perangulata Hulst 1896: 343. New synonymy. 


Type material of venata collected in Montana; 
now in the British Museum, London, England. 
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Type material of perangulata collected in Colo- 
rado; now in the Museum of Comparative 
Zoology, Harvard, Mass. 

Ecc: _ Number examined, approximately 500. 
Approximately 1.0 mm. x0.7 mm. Micropyle 
inconspicuous; color changing to pale yellow-green 
and then to darker green as development 
progresses. 

LaRVA: First instar—Number of specimens 
examined, 180. Length, 3.2-7.6 mm.; width, 0.4 
0.5 mm. General appearance: pale gray-green, 
indistinctly striped; light brown head. 

Head: Width, 0.53-0.56 mm. Posterior mar- 
gin deeply cordate. Surface with very fine, 
beadlike reticulation, most prominent on the 
sides; clypeus with vertical rugose  striation 
Pale green-ochre in color with slightly darker, 


d 


(ultimate )-instar 


c, E. packar- 


Fic. 1.—Anal shields (x17) of sixth 
larvae. a, Enypia venata. b, E. griseata. 
data. d, E. coolidgt. 


irregular, diagonal mottling; cervical margin 
bordered laterally by a brown line terminated by 
a dark irregular spot at the genal angle; epicranial 
suture and mandibular areas medium brown; 
ocellar areas pale with near black ocelli. Ocellar 
interspaces I, II, and IV about equal, and 
slightly less than ocellar width; third interspace 
slightly smaller, fifth interspace slightly longer. 
Labrum deeply cleft; spinneret long, thin, and 
pointed. 
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Body: Ground color medium green, venter 
lighter. Dorsal line narrow, dark green; lateral 
and double supraspiracular lines pale green, fine, 
indistinct, and irregular; subventral lines indis- 
tinct green. Thoracic shield small but well 
defined, subtrapezoid in outline. Anal shield 
nearly smooth except for a shallow, longitudinal 
median groove; lateral margins slightly sinuate, 
posterior margin well rounded. Ventral and anal 
prolegs with approximately 20 and 28 crotchets, 
respectively; anal proleg with dark, irregular, 
longitudinal stripe along anterior margin; shield 
of anal proleg also dark. Spiracle peritremes 
edged green-brown. 

Second instar.—Number of specimens examined, 
152. Length, 7.1-11.5 mm.; width, 0.5-0.7 mm 
General appearance: variegated dark green, with 
fine pale greenish and light brown lines; pale 
orange-brown head. 

Head: Width, 0.71-0.89 mm. Epicranial su- 
ture deeply impressed, making vertices more 
prominent. As instar I except the color, which 
is pale orange-brown with darker pattern; no 
genal spot or subcervical markings. Labrum 
deeply notched; mandibles with seven teeth. 

Body: Ground color pale mid-green, venter pale 
greenish-beige. Fine dorsal and subdorsal drab 
green lines; dark green double lateral and wide 
supraspiracular lines; spiracular area colored as 
venter; pale brown double subventral and ventral 
lines. Thoracic shield about half the width of 
Tl. Ventral and anal prolegs with approximately 
24 and 32 crotchets, respectively; anal prolegs 
without striped markings. The following setae 
are present for the first time: on T2 and T3 
L2, L3; on Al: L3, SV2, SV3; on A2, A3, A4, 
and A5: L3, L4, SV3; on A6 and A7: L3, 
SV3; on A8: L3;o0n A9: L2 (figs. 2, 3) 

Third instar.—Number of specimens examined, 
195. Length, 8.2-16.4 mm.; width, 0.8-1.3 mm 
General appearance: pale green-brown, with 
broken dark brown dorsal line and wide dark 
brown lateral stripe; head, orange-brown 

Head: Width, 1.08-1.26 mm. As instar I] 
except for color, which is honey-brown with 
darker pattern. Emargination on labrum shal- 
lower, more rounded; mandibles with eight teeth; 
hypopharynx generally stouter, with median and 
transverse grooves prominent. 

Body: Ground color brownish-cream. Dorsal 
line dark brown, broken at intersegments; narrow 
off-white double subdorsal and double lateral 
lines; lateral and supraspiracular lines honey- 
brown, latter irregularly edged dark brown; 
irregular off-white subspiracular line broadened 
at intersegments; double brown subventral and 
pale brown ventral lines bordering off-white 
stripes, subventral lines conspicuous on A7 and 
A8. Thoracic shield approximately two-thirds 
the width of Tl. Ventral and anal prolegs with 
approximately 24 and 32 crotchets, respectively. 

Fourth instar.—Number of specimens examined, 
217. Length, 14.1-23.2 mm.; width, 1.4—-2.1 mm 
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Fic. 2.—Setal pattern, first-instar larva of E. venata (x73 Fic. 3.—Setal pattern, sixth-instar larva of 
E. venata (x10). Fic. 4.—Right mandible (inner surface) of E. venata larva. a, First instar (x240). b, Sixth 
instar (x80). Fic. 5.—Cranial setal pattern, sixth-instar larva of E. venata (x16 
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General appearance: ivory-brown; bright 
lateral stripes, broken dark brown lines 
dorsum and sides; head, pale orange-brown. 

Head: Width, 1.49-1.78 mm. As instar III 
except for color being slightly darker and brighter. 
Mandibles with nine teeth; ligula rugose. 

Body: Ground color pale yellow-brown; all 
lines irregular, conspicuously darker at inter- 
segments. Yellow-brown dorsal line broadened 
at intersegments; yellow-brown subdorsal stripe 
edged ivory; yellow-brown lateral stripe enclosing 
indistinct dark brown double line and edged 
ivory below, shading to golden-brown supraspira- 
cular stripe which is very dark brown at interseg- 
ments; wide ivory spiracular stripe with small 
irregular pale brown spots medially; venter ivory- 
brown with ivory subventral lines finely and 
irregularly edged brown, indistinct pale ventral 
stripe. Thoracic shield approximately three- 
fourths the width of Tl. Ventral and anal pro- 
legs with approximately 32 and 36 crotchets, 
respectively. 

Fifth instar—Number of specimens examined, 
265. Length, 16.0-26.7 mm.; width, 1.8-2.5 mm. 
General appearance: as instar IV except ground 
color paler; markings usually darker, reduced, and 
more irregular. 

Head: Width, 1.88-2.12 mm. As instar IV 
except epicrania more evenly shaded and margins 
of epicranial suture darker. Hypopharynx, spin- 
neret, and labial palpi relatively longer. 

Body: Ground color creamy-white; all lines 
irregular, conspicuously darker at intersegments. 
Dorsal line dark reddish-brown; subdorsal line 
lighter red-brown; ivory-brown lateral line mar- 
gined red-brown on both edges; red-brown 
supraspiracular line edged cream above and dark 
brown below: venter ivory-brown, ventral and 
subventral creamy-white lines edged pale red- 
brown. Ventral and anal prolegs with approxi- 
mately 32 and 40 crotchets, respectively. 

Sixth or ultimate instar —Number of specimens 
examined, 301. Length, 26.3-31.0 mm.; width, 
3.3-4.3 mm. (figs. 29, 30). General appearance: 
smooth, very pale golden-brown; lateral areas 
shaded rich sienna-brown, allover pattern of 
broken dark irregular lines; head pale brown, 
epicranial margins darker. 

Head (fig. 5): Width, 2.4— 
margin moderately cordate. Very fine beadlike 
reticulation on epicrania, most prominent on 
sides; frons with irregular horizontal striation; 
clypeus with vertical rugose striation. Color: 
sandy-brown; epicrania margined by irregular 
diagonal markings of mahogany-brown which be- 
come smaller, paler, and less distinct on sides; 
epicranial suture pale; ocellar and oral areas, in- 
cluding labrum, dark brown; setae pale reddish- 
brown. Ocellar interspaces I, II, and III about 
equal, slightly less than ocellar width; fourth 
interspace twice ocellar width, fifth interspace 
three times as wide. Hypopharynx subconical; 


3.4mm. _ Posterior 
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spinneret sub-lanceolate, approximately 2.5 times 
as long as wide, silk pore lanceolate and half as 
long as spinneret; ligula ridged. Labial palpi long 
and slender; second segment three times as long 
as first; third segment slightly longer than first, 
subequal terminal bristles. 

Body: Ground color pale golden-brown, ven- 
ter lighter; posterior two-thirds of each abdominal 
segment slightly darker than anterior third. 
Near-black broken dorsal line broadest at inter- 
segments, slightly bifurcate at mid-segments; 
broken dark subdorsal line on posterior section 
of each abdominal segment; golden-brown lateral, 
supraspiracular, subspiracular, and subventral 
stripes, each edged irregularly by fine near-black 
stipple more evident at intersegments, conspic u- 
ous on lower margin of supraspiracular stripe 
Thoracic shiel« 1 approximately three-fourths width 
of T1, extending nearly to spiracles. Anal shield 
finely rugose, longitudinal striation basally; 
terminus slightly convex; seta D1 p earee—age 
equidistant from SD1 and LI (fig. la), length of 
D2 setae nearly equal to the interspace between 
them; lateral margin slightly concave in profile. 
Ventral and anal prolegs with approximately 60 
and 68 crotchets, respectively. Spiracles I and 
VIII approximately 0.22 x 0.28 mm.; spiracles 
II-VII approximately 0.12 mm.x 0.18 mm 
peritremes edged golden-brown 

Pupa: Male.—Number of specimens exam- 
ined, 150. Length, 16.1-21.4 mm.; diameter, 
4.8-5.5mm. Apex produced to a small crest, and 
thorax with a very fine dorsal carina. Antennae 
and mesothoracic legs extending to posterior sub- 
margin of A4; maxillae terminating slightly before 
antennae; metathoracic leg extending slightly 
farther than antennae. A3 spiracle partly con- 
cealed. Dorsal groove between A9 and AIO. 
Cremastral hooks curled dorsally; terminal spines 
close together, apparently united near bases, lyre- 
shaped. Pale sandy-beige in color; depressions, 
outer basal maxillary margins, radial and humeral 
margins of wing cases, and spiracles slightly 
darker; antennae very dark brown, also the 
weakly sclerotized posterior margins of A4, A5, 
and AG, and ventral A9 and Al0 

Female.—Number of specimens examined, 
Length, 16.4-22.0 mm.; diameter, 4.8—5.6 mm 

ADULT MALE (from Chiricahua Mtns., Ariz.): 
Body, 16.2 mm. long. Antennae approximately 
11.0 mm. long, 66 segments, slightly widened; 

variegated pale gray scales dorsally. Frons ap- 
proximately 1.3 times as long - wide. Vertex 
pale gray, darker brown-gray hair-like scales 
sparsely intermixed. Dorsum of thorax with 
long, fine, dense, silvery-gray scales intermixed 
with darker scales more noticeable along medial 
section. Abdomen very pale brown-gray, sparsely 
intermixed with gray-brown appressed scales; 
apical tufts pale and nearly monocolor. Labial 
palpi approximately 2.2 mm. long; scales pale 
gray in color intermixed with gray-brown; first 
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segment approximately 2.5 times as long as third, 
bearing long fine scales; second segment approxi- 
mately 3.5 times as long as third, with darker 
hairlike scales; third segment slightly decurved. 
Venter of abdomen creamy-white in color, brown 
scales sparsely intermixed. Legs mottled dark 
brown-gray on pale brown-gray; tibiae darker 
than femora - tarsi. 

Wing span, 37.4mm. Ground color pale gray- 
brown with see fine darker fasciation of varying 
density. Forewings with basal area compara- 
tively pale, nearly immaculate near the transverse 
anterior line which is darker at dentations, com- 
mencing approximately one-third along costa, 
second (subcostal) dentation eaten to near- 
black discal bar, first and fourth dentations small 


m ol Eny 
istribution of E. griseata 


pia 


but well marked, latter terminating 
approximately one-fourth from base along hu- 
meral margin. Median area appearing medium 
gray-brown with a darker irregular transverse 
band and dark venular dots. Transverse pos- 
terior line terminating approximately 2.0 mm. 
from apices of wing, cuspate at veins, more 
conspicuous than transverse anterior line, inner 
margin heavily marked near veins. Marginal 
area unicolorous, slightly darker than basal area, 
moderately fasciate; extreme margin pale with 
dark venular dots 


and shallow 
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Rear wings very pale gray-brown, with fine, 
even fasciation basally; humeral and marginal 
areas more heavily marked. No _ transverse 
anterior line. Small brown discal bar usually 
present. Transverse posterior line visible only 
as venular dots more obvious in the humeral 
area. Radial margin with dark venular dots. 

Undersides very pale gray-brown with slightly 
darker mottling; fine brown fasciation more 
obvious along basal costa of forewing. Discal 
bars, sub-radial, and radial markings present but 
shadowy. 

ADULT FEMALE 
Body, 14.0 mm. long. 
Frons nearly as wide 
than on male 


(from Graham Mtns., Ariz.) 
An-.ennae with 68 segments. 
more 
Dark 


pubescence 
similar 


as long; 


dense but color 


id circles) and E. coolidgi open cir¢ le 


ircles) and E. packardata 


1 
solid circies 


scales along genal margin more irregular than on 
male; thoracic scales coarser, more dark scales 
intermixed; abdomen with more dark scales than 
male. Apical tufts very short and inconspicuous. 
Wing span, 39.0 mm. Marked male but 
fasciation more gray (less brown), less dense on 
median sections, more dense on basal and apical 
areas. Transverse venular markings more irreg- 
ular and less pronounced than on male, giving the 
overall effect of a slightly more gray mono- 
color specimen. 
Male genitalia 


as 


and 


Length, 3.2-4.1 mm. (fig. 24) 
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Harpe slightly longer than clasper, excluding 
curved tip of the latter; slightly shorter than 
aedeagus which is subequal to the overall length 
of the genitalia. Harpe approximately 4.5 times 
as long as wide; moderately, evenly hirsute; mar- 
gins slightly sinuate, tapered to a narrow rounded 
apex. Clasper narrow, slightly sinuate; tip ap- 
proximately one-fourth the total length, darker 
in color, bent inwards at near right angle to 
clasper, slightly decurved, subterminus frequently 
finely serrate. Saccus acutely angled, approxi- 
mately 80° (in mounted specimens). Vinculum 
subcordate; gnathos a shallow U in outline, 
cochlear fantail-shape with moderately dense dark 
dentation more prominent at anterior margin. 
Dorsum of uncus sparsely hirsute, no terminal 
acumination. Aedeagus banana-shape, thickest 
about one-third from base which is slightly con- 
stricted; one to six subapical spines arranged in 
two close alternate longitudinal rows, usually one 
spine prominent, one or two medium size, and 
the rest small. 

Female genitalia.—Length, 7.2—-10.2 mm. (fig. 
26). Bursa approximately one-half total length 
of genitalia; approximately five times as long as 
wide in unmated specimens (approximately 2.8 
times as long as wide in mated specimens) ; widest 
approximately one-third from apex, evenly ta- 
pered. Ductus bursae at apex of bursa, ringlike, 
slightly enlarged; fine irregular sclerotization 
Antrum slightly shorter than ostium, together 
approximately one-fourth total length of genitalia; 
antrum tapered anteriorly, subcylindrical, ap- 
proximately twice as long as wide; ostium elongate- 
elliptic, approximately one-third as wide as long, 
ventral surface strongly concave. Genital plate 
wide, subcordate, bluntly right-angled base on 
anterior ventral terminus of ostium; posterior 
margin shallowly cordate, slightly anterior to 
apex of ostium. Anterior apophyses appearing 
to originate from midsection of lateral flanges of 
genital plate; slightly shorter than antrum, usually 
appearing toothed subbasally. AS approximately 
1.5 times as wide as long from base of anterior 
apophyses to bese of A9. AY approximately one- 
half as long as wide. Posterior apophyses slender, 
approximately three times the length of A1O0. 
Al10 about as long as wide, moderately hirsute 
with sparse longer hair; venter approximately 
one-third shorter than dorsum. 

BioLocy: Eggs are found from mid-June until 
mid-August. Average incubation period is 20 
days, varying between 18 and 25 days. 

Larvae may be found from late June through 
to the following mid-June. The larval stage 
lasts an average of 310 days but ranges from 280 
to 335 days. Average number of days for each 
instar is 10, 8, 19, 27, 27 and 33, for instars 1-6, 
respectively, but the overwintering period must 
be added to one of these instars. Approximately 
51% of the larvae overwinter in the fifth instar, 
43% in the fourth, and 3% in each of the third 
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and sixth instars. The normal prepupal period 
is short, about 3 days. Host plants are western 
hemlock Tsuga heterophylla (Raf.) Sarg., amabilis 
fir Abies amabilis (Dougl.) Forb., Douglas fir 
Pseudotsuga menziesii (Mirb.) Franco, mountain 
hemlcok 7. mertensiana (Bong.) Carr., white pine 
Pinus monticola Dougl., Sitka spruce Picea 
sitchensis (Bong.) Carr., Engelmann spruce P 
engelmanni Parry, lodgepole pine P. contorta 
Dougl., white spruce P. glauca (Moench) Voss, 
and grand fir A. grandis (Dougl.) Lindl. 
Pupation occurs from mid-May to late July 
and lasts 16 to 38 days, averaging 26 days. 
Adults are found from early June to early 
September. The females live 3 to 12 days, 
averaging 9 days; the males average 4 days 
Eggs are usually laid 2 or 3 days after mating 
The average number of eggs laid by a female is 
62; egg capacity 1s approximately 8S 
DISTRIBUTION: Southern Alaska to southern 
Arizona and New Mexico, east to western Alberta 
and Colorado; apparently absent from California 
and Nevada except in their northern 
(fig. G). 
PARASITES: 


sections 


(Hymenoptera: Braconidae) 
Apanteles cingiliae Muesebeck, ex larva; A 
paleacritae Riley, ex larva; Apanteles enypiae 
Mason, ex larva; Meteorus sp., ex larva; Zele sp., 
ex larva. (Ichneumonidae).—Casinaria geometrae 
occidentalis Walley, ex larva; Dusona Iluctuosa 
(Provancher), D. pilosa (Walley), ex larva; 
Hyposoter basizona (Viereck), ex larva; Phobo- 
campe sp., ex larva. Hyperparasites: Meso- 
chorus sp. (Ichneumonidae), Euplectrus mellipes 
Provancher (Eulophidae). (Diptera: Tachini- 
dae).—-Chaetophlepsis semiothisae Brooks, ex 
larva; Protodejeania hystricosa (Williams), ex 
pupa. 

Of the four species of Enypia, venata is the most 
widely distributed and relatively abundant, its 
individuals being the largest in size and the most 
distinctive in appearance. The adults show 
considerable geographic polymorphism, and three 
basic color patterns are apparent. The pattern 
group with the most extensive distribution occurs 
along the Pacific coast from the coast mountain 
ranges to the sea, from southern Alaska to 
northern California, and its adults are the most 
contrastingly marked, sometimes appearing nearly 
alf black or all white. The darker variation has 
been referred to as form eddyi Barnes and Ben- 
jamin (fig. 15) and the paler as form elaborata 
Cassino and Swett (fig. 16). These color ex- 
tremes represent about 10% of the western 
population. The predominant color pattern en- 
encountered in the coast area is intermediate be- 
tween the aforementioned forms, and consists of 
relatively even dark maculation that blends with 
the otherwise obvious transverse wing markings 
(figs. 13, 14). All these variations may be col- 
lected together in either the larval or adult 
stages but the extreme forms usually occur only 
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Fics. 8-22.—Enypia adults. Fi E. venata, male from Revelstoke, B. C. Fic. 9 


from Hospital Flat, Ariz. Fic. 10 enata, female from San Francisco Pks., Ariz. Fic. 11 


from Chiricahua Mts., Ariz. Fic. 12.—E. venata, female from Hospital Flat, A 
female from Squamish, B.C. Fic. 14.—E. venata, female from Sooke, B. C. Fic. 15. 
Spring Isl., B. C. Fic. 16.—E. venata, female from Prince Rupert, B. C. _ Fic. 
Narcosli Creek, B. C. Fic. 18.—E. griseata, female from Estes Park, Colo. Fic 
Cowichan Lake, B. C. Fic. 20.—E. packardata, female from Chilliwack, B. C 
from Lake Arrowhead, Calif. Fic. 22.—E. coolidgi, female from Glen Ivy, Calif 
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venata, male 
venata male 

E. venata, 
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coolidgi, male 
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near sea level. There is no noticeable difference 
between the larvae, in either habit or appearance. 
Occasionally a slightly darker larva is observed, 
but the resulting adult has the common pale gray 
pattern. Complete color gradation may be 
found between the three forms of adults. 

A second pattern group, the northeastern, is 
found from east of the coast mountains of British 
Columbia and Washington to the western edge 
of the Great Plains, south from mid-western 
Alberta along the Rocky Mountains to Colorado. 
Adults from north of Wyoming are slightly more 
gray than those from Wyoming and south, which 
are brownish in color. Individuals tend to be 
monochromatic, with a somewhat finer, more 
even stipple than Pacific coast specimens. Be- 
cause of this the transverse wing markings are 
blurred, the median areas indistinct, the venular 
dots more conspicuous, and the wings therefore 
appear relatively narrower and striate (fig. 8). 
Larvae from the northeast may be slightly darker 
and smaller than those from the coast, but are 
otherwise similar. Until now, specimens from 


TABLE 1. 
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coolidgi , 13 
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packardata 
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this area were named perangulata Hulst; however, 
there can be no doubt that they are actually 
venata. Except for the coloration already referred 
to, the northeastern group is entirely similar to 
the more maculate Pacific group, and specimens 
from the east slope of the coast mountains 
show complete color and pattern integration. 

The third geographic color group is found in 
southern Arizona and New Mexico. Larvae are 
similar to the northern specimens, but adults 
are usually more brownish in color, frequently well 
marked with prominent transverse bands, but 
with less intricate patterns than coast specimens 
(figs. 9-12). This southern group represents an 
intermediary color pattern between the western 
and northeastern groups. 

It is considered here that these three geographic 
variants are not sufficiently distinctive to sub- 
stantiate subspecific status. Although the adult 
color patterns may be consistently associated with 
definite distributional areas, complete integration 
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is evident where these areas meet. No morpho- 
logical differences could be found in either the 
larvae or adults. Detailed comparative studies 
were made of the biology, larvae, and adults, 
particularly of the genitalia, to establish this 
synonymy and the results were entirely 
affirmative. 

In contrast to related species, individuals of 
venata are more active, and more tolerant of 
temperature and humidity changes. The larvae 
hibernate later, with less shelter, and commence 
spring feeding earlier. In appearance the species 
is quite different. Both larvae and pupae are 
primarily brown instead of green. Larvae have 
the terminus of the anal shield rounded rather 
than slightly emarginate, and the relative posi- 
tion of seta D1 on the anal shield is specifically 
characteristic (fig. 1); first instars have distinctive 
dark subcervical markings on the head capsule. 
The adults are larger (table 1); the transverse 
anterior line extends to the discal spot; the 
transverse lines are more prominent, and venular 
dots between them are obvious. Male genitalia 


Dimensions of adults (in millimeters) 


No. antennal 


segments Wing span 


Max. Min. Max 


28.1 


38! 


38 


18 


are relatively large, with the clasper tips bent at 
right angles, and the cochlear produced; female 
genitalia have long slender bursae 


Enypia griseata Grossbeck 


Enypia griseata Grossbeck 1908: 87. 


Enypia moillietti Blackmore 1926: 101. New synonymy. 


Type material of griseata collected at Las 
Vegas Hot Springs, N. M., (Schwartz and Bar- 
ber); now at the American Museum of Natural 
History, New York City, N. Y. Holotype male 
of moillietti collected at Vavenby, B. C., July 25, 
1921 (T. A. Moilliet); now in the Canadian Na- 
tional Collection, Ottawa, Ont. Allotype col- 
lected at Chilcotin, B. C., Aug. 2, 1921 (E. R. 
Buckell); now at the University of British 
Columbia, Vancouver, B. C. 

Ecc: Number examined, approximately 220. 
Approximately 0.7 mm. x0.5 mm. Becoming 
darker and greener, occasionally with reddish 
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blotches, as development progresses. Small, 
dimpled, pale brown micropyle. 

LARVA: First instar—Number of specimens 
examined, 150. Length, 3.5-5.6 mm.; width, 
0.3-0.4 mm. General appearance: pale gray- 
green, faintly striped; pale green-brown head. 

Head: Width, 0.54-0.62 mm. Posterior mar- 
gin moderately cordate. Surface very finely 
reticulate, more prominent on clypeus. Pale 
green-tan in color, slightly darker at genal and 
mandibular areas; ocellar areas pale with dark 
brown ocelli. Ocellar interspace I slightly wider 
than ocellus; interspace II about equal to ocellar 
width; third interspace less; fourth interspace 
approximately 2.5 times ocellar width; fifth inter- 
space about 3.5 times ocellar width. Labrum 
roundly emarginate; spinneret hairlike. 

Body: Ground color drab gray-green; venter 
lighter. Subdorsal, supralateral, and sublateral 
lines narrow, pale gray-green; fine green supra- 
spiracular and subspiracular lines; fine double 
ventral and subventral pale gray-green irregular 


Fic. 23 
(x12). Fic. 25 


lines. Thoracic shield subtrapezoid in outline, 
pale tan-green in color. Anal shield nearly 
smooth, marginal outline appearing regularly 
convex except for prominent setae. Ventral and 
anal prolegs with approximately 16 and 18 
crotchets, respectively. Spiracle peritremes edged 
pale green. 

Sixth or ultimate instar.—Number of specimens 
examined, 209. Length, 19.8-27.0 mm.; width, 
3.1-4.0 mm. General appearance: smooth, green 
with two pairs of conspicuous near-white stripes; 
head pale russet-green, vertices pale and bordered 
by dark epicranial markings. 

Head: Width, 1.92—-3.08 mm. Posterior mar- 
gin moderately cordate. Surface finely reticulate. 
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Male genitalia of Enypia griseata 
Female genitalia of E. griseata (x7). Fic. 26. 
E.. venata 
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Pale green-brown in color, vertices lighter; 
epicrania margined by dark brown feather-like 
markings; genae and oral area darker and reddish, 
ocellar areas paler. Ocellar interspaces I and IV 
about equal to ocellar width; interspaces II and 
III slightly less than ocellar width; fifth inter- 
space approximately twice ocellar width. Man- 
dibles with a subdistal ridge on the outer surface 
following the outline of teeth 2-5. Hypopharynx 
long, subelliptic; spinneret long, conical, approxi- 
mately twice as long as wide; silkpore subelliptic, 
more than half the length of the spinneret; ligula 
slightly convolute. Labial palpi long and slender; 
second segment approximately three times the 
length of first; third segment slightly longer than 
first, with subequal terminal bristles. 

Body: Ground color mid-green, venter paler. 
Dorsal line narrow, pale green; wide subdorsal 
near-white stripe edged dark yellow-green; pale 
green supraspiracular stripe enclosing fine, ir- 
regular, dark green, double line; wide spiracular 
near-white stripe edged yellowish; near-white 


| 
\/ 26 


Male genitalia of E. venata 
Female genitalia of 


x15 Fic. 24. 


(x8). 


subventral and ventral stripes irregularly edged 
green. Thoracic shield colored as body; narrowly 
subtrapezoid in outline, approximately one-half 
the width of Tl, extending below the spiracle 
Anal shield finely rugose, slight sub-basal hori- 
zontal groove, marginal outline slightly sinuate, 
apex slightly emarginate; seta D1 approximately 
1.4 times as far from L1 as from SD1 (fig. 1b); 
D2 setae considerably longer than the interspace 
between them. Ventral and anal prolegs with 
approximately 28 and 36 crotchets, respectively; 
medial flap of pulvillus small but prominent 
Spiracle peritremes edged pale yellow-green. 
Pupa: Male.—Number of specimens examined, 
82. Length, 13.4-16.7 mm.; diameter, 3.0-4.1 
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mm. Apex and dorsum of thorax slightly ele- 
vated. Antennae and metathoracic leg extend- 
ing past posterior margin of A4; wing cases and 
mesothoracic leg terminating at posterior margin 
of A4; maxillae terminating well before wing cases. 
Each lateral cremastral hook with a single tight 
lateral curl at apex; terminal spines subparallel 
to each other, curled tips decurved outwardly 
Jade green in color, dorsum of thorax lighter; 
near-white lateral, subspiracular, and adventral 
stripes; wing veins and interspaces in appendages 
dark green; antennae dark brown; eyes and 
spiracle edges reddish-brown. 

Female.—Number of specimens examined, 89. 
Length, 13.6-17.5 mm.; diameter, 3.5-4.4 mm. 
Apex produced to a bidentate protuberance. 

ADULT MALE (from Lake Tahoe, Calif.): Body, 
14.0 mm. long. Antennae approximately 11.0 
mm. long, 58 segments, moderately widened; pale 
gray scales dorsally, base of each segment with 
small dark gray scales. Frons approximately 1.3 
times as long as wide. Vertex ivory-white in 
color, sparsely intermixed with dark gray. Dor- 
sum of thorax with long, fine, dense, ivory-gray 
hairlike scales, which are usually banded darker 
subdistally. Abdomen very pale silver-gray, base 
usually with dark gray scales intermixed ‘dorsally ; 
apical tufts small and appressed. Labial palpi 
approximately 2.0 mm. long; scales pale silver- 
gray in color, darker near apex; first segment 
approximately five times as long as third, bearing 
short and long scales; second segment approxi- 
mately four times as long as third, with flat 
scales; third segment with small scales. Venter 
of abdomen silvery-cream in color. Legs sparsely 
mottled gray, first legs darker than third legs 

Wing span, 34.9 mm. Ground color pale brown- 
gray with very fine darker fasciation of varying 
density. Forewings with basal area sparsely, 
finely, and evenly fasciate. Transverse anterior 
line irregularly quadridentate, dark gray, com- 
mencing approximately one-fourth along costa; 
second (subcostal) dentation smaller than third, 
neither of them elongate; first and fourth denta- 
tions incomplete but well defined, latter terminat- 
ing approximately one-third from wing-base along 
humeral margin. Median area most densely 
fasciate near transverse lines; small dark discal 
spot. Transverse posterior line irregularly bisinu- 
ate, dark gray, cuspate at veins; terminals usually 
less than 2.0 mm. from wing apices. Marginal 
area similar in color to basal area; dark venular 
dots at extreme margin. 

Rear wings very pale brown-gray with fine 
darker fasciation. Transverse posterior line in- 
distinct, most conspicuous at veins and humeral 
area. Median area paler near costa; radial area 
less fasciate near transverse posterior line. Dark 
venular dots on extreme margin. 

Undersides very pale brown-gray; fine darker 
fasciation in costal and radial areas. Discal bar 
on forewing. Subradial markings and marginal 
venular dots present but indistinct 
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ApULT FEMALE (from Chief Joseph Mtns., 
Ore.): Body, 13.7 mm. long. As male except: 
antennae with 67 segments, scales silver-gray; 
frons nearly as wide as long; fewer dark genal 
scales, ivory-gray thoracic hairs sparsely inter- 
mixed with dark gray; apical abdominal tufts 
short, inconspicuous. 

Wing span, 33.4 mm. Marked as male but 
fasciation slightly coarser, more gray, more dense; 
median area frequently more defined by trans- 
verse lines and contrasting color. 

Male genitalia.—Length, 2.0-3.0 mm. (fig. 23) 
Harpe and aedeagus subequal in length, slightly 
longer than clasper, slightly shorter than entire 
length of genitalia. Harpe approximately four 
times as long as wide; moderately evenly hirsute, 
hairs longer near ventral margin; margins slightly 
sinuate, variably tapered to a narrow apex. 
Clasper slender, slightly incurved; tip darker in 
color, approximately one-fifth total length of 
clasper, bent inwards in hairpin turn, recurved 
at near right angle, then somewhat enlarged, 
scaly and slightly decurved to a sharp apex. Sac- 
cus approximately 90°. Vinculum obovate; 
gnathos a slender U in outline, cochlear slightly 
expanded and smooth. Uncus acuminate ter- 
minally, dorsum sparsely hirsute. Aedeagus 
banana-shape, thickest about one-third from base 
which is slightly constricted; 6 to 19 flattened 
spines in two close longitudinal subapical rows, 
variable in size and arrangement but usually 
conspicuous 

Female genitalia.—Length, 4.0-5.9 mm. (fig. 
25). Bursa approximately 0.4 total length of 
genitalia, subglobose. Ductus bursae marked 
subapically on bursa by finely sclerotized irregular 
wrinkles. Antrum usually shorter than ostium, 
together approximately 0.3 total length of geni- 
talia; antrum slightly constricted medially, sub- 
cylindrical, width greater than half the length; 
ostium appearing elongate-elliptic, widest near 
anterior, approximately three times as long as 
wide, venter slightly Genital plate 
angulate, widely arrow-shaped, bluntly right- 
angled base near anterior ventral terminus of 
ostium; posterior margin sinuately emarginate, 
usually anterior to apex of ostium. Anterior 
apophyses appearing to originate from distal mid- 
section of genital plate; length subequal to an- 
trum, occasionally appearing toothed subbasally 
AS approximately 1.5 times as wide as long from 
base of anterior apophyses to base of A9. A9 
approximately 1.3 times as long as wide. Pos- 
terior apophyses slender, approximately 1.5 times 
as long as greatest distance between them; 
approximately 2.5 times the length of Al0. A10 
approximately 1.5 times as wide as long; moder- 
ately hirsute with some hairs conspicuously 
longer; venter approximately one-half the length 
of dorsum 

BroLtoGy: Eggs are found from late May until 
early September. Average incubation period is 
13 days, and ranges from 12 to 15 days 


concave. 
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Larvae may be found throughout the year, 
hatching as early as mid-June and developing 
until mid-July of the following vear. The larval 
stage lasts an average of 322 days but varies from 
290 to 338 days. Average number of days for 
each instar is 12, 9, 13, 227, 24, and 37, for 
instars | to 6, respectively. Approximately 95% 
of the larvae overwinter 


fourth instar, the 
remaining 5°; as fifth instar. Hibernating larvae 
seldom feed. The normal prepupal period is 
about 5 days. Host plants are Douglas fir, 
amabilis fir, western hemlock, alpine fir, lodge- 
pole pine, Engelmann spruce, grand fir, ponderosa 
pine P. ponderosa Laws., red cedar Thuja plicata 
Donn, white spruce, and white pine. 

Pupation occurs from early May to mid-August 
and pupae last from 12 to 24 days, averaging 17 
days 

Adults are found from late May to early 
September. The females may live for 22 days, 
but average time is about 13 days. Male life 
span is approximately 3 days less. Eggs are 


as 


Sixth-instar larva of Enypia packardata 


usually laid 5 or 6 days after mating. The 
average number of eggs laid by a female is 64; 
egg capacity 1s approximately 75 

DISTRIBUTION: East of the coast mountains 
of British Columbia and Washington to western 
Alberta and central Montana; east of the Sierra 
Nevada Mountains in California to the Missouri 
River Valley (fig. 7). 

PARASITES: (Hymenoptera).—A panteles  cin- 
giliae Muesebeck (Braconidae), ex larva. (Ich- 
neumonidae).—Aoplus sp., ex pupa; Casinaria 
eupitheciae Viereck, ex larva; Phobocampe sp., 
ex larva. 

This is the only species of Enypia occurrring 
far east of the Rocky Mountains. Although it is 
most common in the mid-cordilleran area, speci- 
mens have been collected in eastern Nebraska 
Adults from the southeast part of its range 
(Colorado) are somewhat smaller, browner, paler, 
and less marked (fig. 18) than those from the 
northwest (British Columbia) which are dark 
gray. The holotype of the species is an extreme 
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example from the former area. The synonymous 
moillielti Blackmore was described from a northern 
specimen (fig. 17). There is no noticeable vari- 
ation among larvae. Eastern adults emerge sooner 
than those in mountain areas. as much a difference 
as late May to late August respectively. 

This species cannot be confused with venata, 
but closely resembles packardata and coolidgi from 
which it is most easily separated by its more 
eastern distribution, and greenish larval head. 
Larvae are distinguishable from those of coolidgi 
by their slightly larger size, relatively longer anal 
setae, and whiter lines which are usually lacking 
on the anal shield and prolegs. In contrast to 
packardata, seta D1 on the anal shield is relatively 
farther from seta L1 (figs. 1b, 1c), and seta D2 
relatively longer. Adults are larger and darker 
than those of coolidgi, and darker than those of 
packardata. Male genitalia are larger than those 
of coolidgi, with a more angulate gnathos; and 
have aedeagal spines, which are absent in 
packardata. These spines vary considerably both 


Fics. 29, 30.—Sixth-instar larva of E. venata 

as to number and size. Female genitalia of all 
three species are much alike, although the relative 
sizes of the terminal segments are usually 


distinctive. 


Enypia packardata Taylor 
Enypia packardata Taylor 1906: 403 


Cleora umbrosaria Packard 1876: 453, pl. XI (in part). 


Type material of packardata collected at Well- 
ington, B. C.; now at the United States National 
Museum, Washington, D. C. 

Approximately 200 eggs, 351 larvae, 190 pupae 
(1040, 8692), and 290 adults (1290, 1619) 
were examined. 

Egg, larval, pupal, and adult stages closely 
resemble those of griseata except for the following 
differences: 

Sixth- or ultimate-instar larvae (figs. 28).- 
Usually less vivid in color: the green less bright, 
the light lines less yellow, and the dorsum slightly 
darker. The wide pale subdorsal stripes are 
farther apart so as to appear nearly lateral. The 
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head is orange-brown in color with near-white 
vertices, pale genal areas, and russet-brown oral 
area; the adfrontal area is occasionally near-black. 
Anal shield with seta D1 approximately 1.2 times 
as far from L1 as from SD1 (fig. 1c); D2 setae 
approximately as long as the interspace between 
them. 

ADULTs (figs. 19, 20): Wing span of males 
averages slightly smaller, and that of females 
slightly larger than griseata. The overall color 
pattern is pale gray, sometimes nearly white, 
frequently brownish in California, rather than 
the dark gray of the latter species—consequently 
the pattern appears more distinct. The trans- 
verse band is relatively narrower, the margins 
appearing more serrate due to darker venular 
markings. 

Male genitalia.—Claspers tend to be more 
evenly tapered, and more crooked terminally; 
the gnathos is more rounded; the socii are wider 
and blunter; the aedeagus has no spines. 

Female genitalia.—The bursa is more ovoid 
than in griseata; the antrum usually shorter and 
stouter; the genital plate slightly wider, with less 
sinuate margins. The greatest distance between 
the posterior apophyses is approximately twice 
their length. A9 nearly twice as wide as long; 
A10 about as long as wide. 

BroLtocy: Eggs are laid from late May to 
early December. The average incubation period 
is 18 days and ranges from 14 to 21 days. Larvae 
may be found throughout the year but are seldom 
encountered during late June and early July. 
The larval stage lasts an average of 288 days and 
may vary from 272 to 320 days. The average 
number of days for each instar is 11, 13, 18, 25, 
195, and 26, for instars 1 to 6, respectively. 
Approximately 63% of the larvae overwinter as 
fifth instar, the balance as fourth instar. Host 
plants are western hemlock, Douglas fir, amabilis 
fir, grand fir, red cedar, lodgepole pine, white pine, 
Sitka spruce, mountain hemlock, and alpine fir. 
Pupae may be found from late April to mid- 
November; average pupal life is 21 days, varying 
from 14 to 27 days. Adults may be found from 
early May to early December. The females live 
for about 12 days, the males for about 8 days. 
Eggs are usually laid 4 or 5 days after mating; 
average number of eggs laid by one female is 55, 
egg capacity is approximately 70. 

DISTRIBUTION: Southern Alaska to southern 
California: westward from the coast mountains 
of British Columbia and Washington, west from 
the Sierra Nevada Mountains in California (fig. 7). 

PARASITES: (Hymenoptera: Braconidae). 
A panteles paleacritae Riley, ex larva; Rogas sp., 
ex larva; Zele sp., ex larva. (Ichneumonidae). 
Dusona pilosa (Walley), ex larva. Hyperparasites: 
Mesochorus sp. (Ichneumonidae). (Diptera: 
Tachinidae).—Chaetophlepsis semiothisae Brooks, 
ex larva; Chaetophlepsis sp., ex larva. Nemato- 
phora.—Gordiidae, ex larva. 
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This species resembles griseata very closely 
The principal differences are: its coastal dis- 
tribution, the reddish-brown head of the larva, 
the relative positions of the setae on the larval 
anal shield, the pale color of the adults, and the 
absence of aedeagal spines on the males. It is 
distinguishable from coolidgi usually by its more 
northerly distribution and generally larger size; 
larvae of packardata have dark brown epicranial 
markings on the head; the body has more varie- 
gated greens and fine whitish linear markings; 
the subdorsal white stripe may be yellowish above 
or at the intersegments, rather than blotched 
clear yellow in the midsection of each segment, 
and is seldom noticeable on the anal shield; the 
lower white stripe includes the spiracles; the tip 
of the anal shield is slightly emarginate. The 
adult male has no aedeagal spines. 


Enypia coolidgi Cassino and Swett 
Enypia coolidgi Cassino and Swett 1923: 15. 

Type material collected at Mt. Lowe, Cali- 
fornia; now at the Museum of Comparative 
Zoology, Cambridge, Mass. 

Eggs and first-instar larvae not available for 
examination. 

LARVA: Sixth or uétimate instar.—Number of 
specimens examined, three. Length, 18.0-24.9 
mm.; width, 2.8-3.5 mm. General appearance 
smooth, bright green with seven yellow-white 
stripes; head pale russet with light vertices. 

Head: Width, 1.85-2.62 mm. Posterior mar- 
gin moderately cordate. Surface minutely reticu- 
late. Pale orange-brown in color, vertices with 
pale yellowish herringbone markings; oral and 
genal areas dull tan in color. Ocellar interspaces 
I, II, and III approximately two-thirds ocellar 
width; interspace IV approximately twice ocellar 
width; fifth interspace approximately 2.5 times 
ocellar width. Hypopharynx obovate; spinneret 
conical, approximately twice as long as head 
width; silkpore ovate, approximately half the 
length of the spinneret; ligula finely ridged 
Labial palpi nipple-shaped, approximate relative 
lengths of segments 1, and 3 are 3:2:1, 
respectively. 

Body: Ground color bright mid-green, venter 
only slightly paler. Dorsal line double, narrow, 
pale green; wide near-white subdorsal, subspi- 
racular, subventral, and ventral stripes, blotched 
pale yellow in the upper midsection of each 
segment, the subdorsal stripe extending onto the 
anal shield, the subspiracular stripe hardly 
noticeable on the anal prolegs; the lateral area 
indistinctly divided by a fine irregular white 
line, the upper section slightly blue-green in 
color. Thoracic shield colored as body; narrowly 
subtrapezoid in outline, approximately five-eighths 
the width of T1, extending below the spiracle. 
Anal shield finely rugose, slight subbasal hori- 
zontal groove, marginal outline nearly regular, 
apex slightly extended; seta D1 approximately 
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1.4 times as far from L1 as from SD1 (fig. 1d); 
D2 setae approximately as long as the interspace 
between them. Ventral and anal prolegs with 
approximately 28 and 32 crotchets, respectively ; 
medial flap of pulvillus small but prominent. 
Spiracle peritremes edged brown. 

Pupa: Female-—Number of specimens ex- 
amined, one. Length, 14.9 mm.; diameter, 4.0 
mm. Apex of thorax produced to a parrot-like 
“beak.”” All appendages, except the prothoracic 
legs, subequal in length. Antennae extending 
nearly to A5. Wing cases and metathoracic legs 
very slightly shorter. Mesothoracic leg again 
slightly shorter, and next the maxillae. Pro- 
thoracic legs extending to approximately three- 
fourths the length of the other legs. First pair 
of lateral cremastral spines hook-shaped, slightly 
shorter than the others and less appressed; the 
other two lateral pair somewhat S-shaped; ter- 
minal spines straighter and stouter, apical hooks 
curved out and upwards. Jade green in color; 
thoracic protuberance and antennal bases bright 
brown. Yellowish-white subdorsal and spiracular 
abdominal stripes; less distinct subventral and 
ventral lines. Wing veins and interspaces in 
appendages dark green. 

ADULT MALE (from Lake Arrowhead, Calif., 
fig. 21): Body, 13.9 mm. long. Antennae ap- 
proximately 7.0 mm. long, 61 segments, slightly 
flattened, pale brown-gray scales dorsally. Frons 


approximately 1.5 times as long as wide, light 


near vertex. Vertex intermixed ivory- 
white and light brown in color. Dorsum of 
thorax colored as vertex. Abdomen silvery- 
cream in color, pale brown scales along the dor- 
sum more noticeable near the base; lateral apical 
tufts sparse, medial tuft dense and pointed. 
Labial palpi approximately 1.5 mm. long, pale 
gray-brown in color; first segment approximately 
4.0 times as long as third, bearing long pale scales; 
second segment slightly incurved, approximately 
same length as first, shorter scales; third segment 
short with small scales. Genae with long cream- 
colored scales, sparsely intermixed with dark 
brown. Abdomen silvery-cream in color, scales 
short. Legs with short pale scales, sparsely 
mottled gray-brown. 

Wing span, 27.0 mm.; ground color pale gray- 
brown nearly obscured by fine darker fasciation. 
Forewings with basal area moderately, evenly 
fasciate; transverse anterior line approximately 
one-third from wing base; second and third den- 
tations subequal in size, first and last dentations 
subequal in size, smaller, darker than others. 
Median area appearing more brown; short dark 
discal bar. Terminals of transverse posterior 
line approximately 2.0 mm. from apices of wing, 
cuspate at veins. Radial area colored as basal 
section. 

Rear wings very pale gray-brown; fine, even 
fasciation more pronounced near humeral angle, 
but nearly absent along costal margin. Trans- 
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verse posterior line indistinct, especially near 
costal margin. 

Undersides very pale brown-gray; costal stria- 
tion, discal bar, and outer transverse posterior 
line showing indistinctly on forewing. 

ADULT FEMALE (from Glen Ivy, Calif., fig. 22): 
Body, 9.9 mm. long. Antennae approximately 
8.5 mm. long, 63 segments; terete. Apical ab- 
dominal tufts short and blunt. Otherwise appear- 
ing as male. 

Wing span, 29.1 mm. Marked and colored as 
male but fasciation less dense and less brown 
(more gray); median sections of the forewings 
with less contrasting color. 

Male genitalia.—Length, 1.5-2.0 mm. Harpe 
slightly longer than clasper, excluding curved tip 
of the latter, slightly shorter than aedeagus which 
is slightly shorter than the overall length of the 
genitalia. Harpe approximately 3.5 times as 
long as wide, moderately evenly hirsute, margins 
slightly sinuate, tapered to a narrow rounded 
apex. Clasper narrow, slightly sinuate, little 
narrowed, tip approximately one-sixth the total 
length of clasper, darker in color, curved abruptly 
inwards in a U-shape, then recurved to a finely 
serrate point. Saccus approximately 80° (in 
mounted specimens). Vinculum bluntly arrow- 
shaped; gnathos a thick shallow U in outline, 
cochlear appearing slightly bilobed and smooth. 
Uncus bell-shaped in outline, with a triangular 
socius projecting inwards from each basal lateral 
margin, these flaps with several long fine hairs on 
tips; smal] terminal acumination on uncus, dor- 
sum sparsely hirsute. Aedeagus roundly lanceo- 
late with constricted base; 5 to 25 subapical dark 
spines of varying size and shape in an irregular 
longitudinal row. 

Female genitalia.—Length, 3.8-5.2 mm. Bursa 
slightly less than one-half the total length of 
genitalia; conically oblate (distorted in mated 
specimens), some longitudinal striation near basal 
apex. Ductus bursae ringlike, narrow, below 
basal apex of bursa. Antrum subequal in length 
to ostium, together approximately one-fourth the 
total length of genitalia; antrum slightly expanded 
posteriorly, subcylindrical, approximately twice 
as long as wide; ostium sublanceolate, approxi- 
mately one-third as wide as long, ventral surface 
moderately concave. Genital plate nearly one- 
third as long as wide, subtrapezoid in outline, 
posterior margin shallowly concave. Anterior 
apophyses appearing to originate near terminals 
of genital plate, slightly longer than antrum, 
nearly straight. AS approximately one-half as 
long as wide from base of anterior apophyses to 
base of A9. Posterior apophyses slender, approxi- 
mately 2.5 times the length of Al0. A9 approxi- 
mately 1.3 times as long as wide. A10 about as 
long as wide, moderately hirsute with sparse 
longer hair; venter nearly one-half shorter than 
dorsum. 


BroLtocy: Eggs are believed to be laid from 
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early June to early September. Larvae usually 
overwinter as fourth instar, coming out of hiber- 
nation during late February or early March, and 
pupating from mid-April to late June. The pre- 
pupal period lasts only about 2 days, whereas the 
pupal period is normally about 30 days. Adults 
have been most commonly collected during late 
July and early August, but may be found from 
late May to early September. Douglas fir is the 
only known host plant, but it is likely that other 
coniferous foliage is also eaten, similar to that 
utilized by the other species of Enypia. 

DISTRIBUTION: Southern California. 
nardino and south (fig. 6). 

The most distinctive features of this species are 
its small size and restricted distribution, which 
are usually sufficient to separate it from packardata 
and griseata. Larvae of coolidgi are less intri- 
cately lined than these other species, and the 
colors are brighter and more solid. The vertices 
of the head are yellowish; there are no dark 
epicranial markings; the oral and genal areas are 
muddy tan in color. The white stripes are 
blotched pale yellow in their upper midsection in 
each segment; the subdorsal stripe extends onto 
the anal shield, which is slightly produced at the 
apex; the lateral or supraspiracular area has 
only a fine indistinct white median line, instead of 
an irregular light line with dark margins. The 
spiracles are usually above the subspiracular 
white stripe. The moths of coolidgi present a 
slightly more angulate appearance than the other 
two species, and the transverse lines appear more 
regular and distinct in contrast to the relatively 
few background markings. The aedeagal spines 
are usually more numerous and regular than in 
griseata. 

A close relationship exists between the species 
coolidgi, griseata, and packardata. Superficially 
they resemble each other in all stages. Their 
important distinguishing features are based on 
distribution, male genitalia, and size. Additional 
to these contrasting characteristics, and others 
less obvious mentioned under species descriptions, 
experiments with adults of griseata and packardata 
vielded further data substantiating their indi- 
vidual specific status. Each species mated readily 
under laboratory conditions; however, the follow- 
ing major differences were noted: minimum 
mating temperature for griseata appeared to be 
about 48° F., optimum about 55°, for packardata 
it was approximately 58° and 65°, respectively; 
males did not mate with packardata 

packardata males would mate with 

griseata females but the eggs infertile; 
average incubation period for eggs was 13 days 
for griseata, 5 days more for packardata under 
similar conditions. Adults of coolidgi were not 
available for experiment, but it is believed that 
their smaller size and genitalic structure would 
have prevented successful hybridization 
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THE FAMILY PROJAPYGIDAE AND ANAJAPYGIDAE (DIPLURA) 
IN NORTH AMERICA' 


LESLIE M. SMITH 
University of California, Davis 
ABSTRACT 


amabilis (Vera Cruz), 


The known world fauna of Projapygidae comprises 7 
species in Projapyx and 19 in Symphylurinus; of Anajapy- 
gidae, 5 species in Anajapyx. A distributional list of 
these is given, together with keys to the families and genera 
and to the species of Anajapyx. New species are: Ana- 


This paper describes new North American 
species in the families Projapygidae and Ana- 
japygidae. Prior to this, no living projapygid 
was known from North America. Pierce (1950) 
described the fossil species, Plioprojapyx primi- 
tivus, from Arizona onyx marble. Only one 
species, Anajapyx mexicanus Silv. 1909, in the 
family Anajapygidae was known from this area 
Pagés (1959) divided the suborder Rhabdura 
Cook into the superfamilies Projapygoidea Pagés 
and Campodeoidea Ewing, and he divided the 
Projapygoidea into the families Anajapygidae 
Paclt and Projapygidae Cook. The family 
Anajapygidae contains the single genus Ana- 
japyx, while the family Projapygidae contains 
two genera, Projapyx and Symphylurinus. These 
groups are separated (in part after Pagés 1959) 
by the following key: 


Suborder RHABDURA 


Trichobothria beginning on the fourth or fifth seg 
ment of the antennae; maxilla with a palpus, and 
pectens on the lacinia; first urosternite with one 
pair of styli and one pair of subcoxal appendages 
(figs. 18 and 20); styli present on the first to 
seventh urosternites; seven p°irs of abdominal 
spir icles, cerci (fig. 2) with an ‘ical opening, the 
last segment is a tube through which discharge a 
pair of preanal glands 

Superfamily Projapygoidea 

Trochobothria beginning on the third segment of 
the antennae; maxillae without palpus or pectens 
on the lacinia; urosternite I without styli; styli 
present on the second to seventh urosternite; 
without abdominal spiracles; cerci entirely closed 

Superfamily Campodeoidea 
2. Cephalic suture reduced to its posterior branch; 
trichobothria on antennal segments 5 to 10 and in 
some species on even numbered segments there- 
after and a large placoid sensilla covering the apex 
of the last segment; lacinia of the maxilla bifid 
(figs. 8 and 9); labial palpi (fig. 16) very reduced; 
apodeme of the prothoracic sternum apparently 
reduced to its posterior branch; appendages of the 
subcoxal organs on the first abdominal sternite 
pyriform (fig. 20), very slightly pilose, and without 
glandular setae; a pair of exsertile vesicles on each 
of the urosternites 2 to 7; 16 Malpighian tubules; 

male genital papillae similar to Campodea 
Family Anajapygidae 
Genus Anajapyx 


‘Accepted for publication December 5, 1959 


jJapyx 


japyx hermosus (California), A 
A. menkei (Vera Cruz and Oaxaca), and Symphylurinus 
stangei (Oaxaca). Modifications of certain structures in 
Symphylurinus species, and the evo.utionary significance 
of some of them, are discussed. 


Cephalic suture consisting of a complete Y of which 
the anterior branches are beaded; trichobothria on 
antennal segments 4 to 22, the terminal segment 
carries two sensory pits, one on the anterior and 
one on the posterior side; lacinia of maxilla simple 

(fig. 7); labial palpi (fig. 12) well developed; all 
sternal t seen, apodemes are a well developed Y; 
subcoxal appendages of the first urosternite 
cylindrical (fig. 18), pilose, with terminal glandular 
setae; without anit vesicles; without Mal 
pighian tubules; geuital papillae of the male of the 
Projapyx type, those of the female very reduced 
as compared to other Diplouran types 

Family Projapygidae 

Antennae lacking pyriform sensillum on the seventh 
segment; antennal segments 10, 15, and 17 with 
four trichobothria each; males with heavy spines, 
spurs, or nipple-like setae on inner face of cerci 
(figs. 1 and 4), and secondary sexual characters 
on the second and/or third antennal segment 
(figs. 19 and 23) Genus Symphylurinus 

Antenna with short sensillum on seventh segment, 
more or less pyriform (claviform); antennal seg- 
ments 10, 15, and 17 with three, three, and two 
trichobothria, respectively; males without pro- 
jections on inner face of cerci, no secondary sexual 
characters on the second and third segments of 
male antennae (except small spines on III in 
stylifer) Genus Projapyx 


At the present time (including the new species 


described in this paper) the genus 
contains five species and one subspecies, Sym- 
phylurinus contains nineteen species, and Pro- 
contains seven species. Their known 
distribution throughout the earth is as follows: 


Anajapyx 


America 
. Smith (¢ 


United States of 
Anajapyx hermosus L 
Mexico 
Anajapyx mexicanus Silv. 
A. menkei L. Smith (Vera Cruz and Oaxaca) 
A. amabilis L. Smith (Vera Cruz) 
Symphylurinus stangei L. Smith (Oaxaca 


~alifornia) 


Central and South America 


Projapyx brasiliensis Silvy 
Symphylurinus tristanii Sily. 
S. simplex Silv. (Argentina) 

S. peregrinus Sily . (Argentina) 

». paratus Silv. (Brazil) 
S. discretus Silv. (Brazil) 

. arléi Wygo. (Brazil) 

. grass Silv. (Brazil, Paraguay, ane 
S. marcuzzii Pagés (Venezuela) 

S. almeidai Wygo. (Brazil) 

S. lutzi Silv. (Panama) 

S. travassosi Sily. (Brazil) 


(Brazil 


(Brazil and Costa Rica 


Argentina) 
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Europe 


Anajapyx vesiculosus Sily. (Italy) 


Africa 

Projapyx congruens Sily. (French Guinea and French 
Cameroun) 

> imperfectus Pagés (French Cameroun) 

P. eburneus (P. and D. D.) (Ivory Coast) 

>. jeanneli D. D. (Ivory Coast) 

P. incomprehensus Silv. (Egypt) 

P. stylifer O. F. Cook (Liberia, Nigeria, Senegal) 

Symphylurinus grassii Silv. (Zoulouland) 

S. occidentalis Silv. (Senegal, Cote d'Or, Nigeria) 

S. perceptus Silv. (French Guinea, Senegal) 

S. blanguernoni Pagés (In Salah, Central Sahara) 

Anajapyx vesiculosus var. guineensis Silv. (French 
Guinea) 


Australia 
S. swant Womersley 


China 
Symphylurinus orientalis Silv. 


India 
Sym phylurinus indicus Silv. 


The genus Symphylurinus is more widely 
known in the world than the other two genera 
since it is found in North, Central, and South 
America, Africa, China, India, and Australia. 
The genus Projapyx has been found only in 
Africa, except for a single species in Brazil. The 
genus Anajapyx has been found in North America, 
Europe, and Africa, and future collections may 
establish this genus as world-wide in distribution. 
In fact, because of their ancient origin, it is pos- 
sible that all three genera are world-wide in 
distribution. 

The phylogenetic importance of the Projapy- 
goidea (Anajapygidae and Projapygidae) was 
recognized by Silvestri (1903). This superfamily 
probably contains the most primitive insects on 
earth today. In a number of characters they 
more closely resemble the Symphyla than do the 
Campodoidea (Procampodeidae and Campodei- 
dae). Some of these characters are the presence 
of styli on the first abdominal segment, and the 
presence of preanal glands the ducts of which 
open at the tips of the anal cerci as in the Sym- 
phyla, whereas the Campodoidea have closed 
cerci. The Projapygoidea show ancestral in- 
sectan characters by the possession of seven pairs 
of abdominal spiracles whereas the Campodoidea 
have no abdominal spiracles. Among the Pro- 
japygoidea, the Anajapygidae appear to be more 
primitive since there are protrusible vesicles on 
the abdominal segments, as in the Symphyla, 
but these structures are lacking in Projapygidae. 
Among the Projapygidae the genus Projapyx 
appears to be more primitive in that the anal 
cerci are unmodified and similar to those of 
Anajapyx, whereas in the genus Symphylurinus 
segments 3 to 6 of the anal cerci are fused and 
males show armament of heavy spines or spurs 
on the inner face of each cercus. These cerci 
may be precursors of the unsegmented defensive 
forceps of the Japygidae 
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Anajapyx menkei L. Smith, new species 

FEMALE.—Head, dorsum with 3+3 long simple 
setae, of which 2+2 on median transverse line 
and 1+1 at posterolateral corners, 22+ 22 shorter 
simple setae, occipital suture not branched, occu- 
pying one-fourth the length of the head, one seta 
centrally located between antennal bases, labrum 
with 6+6 small setae, inner surface of labrum 
with two groups of sharp pointed sensory cones, 
tip of lacinia (fig. 8) bifid, with two pectinate 
laminae, maxillary palpus small, conical, one- 
segmented, with apical seta twice as long as 
palpus, and seven other setae and one short blunt 
seta, thumb of galea not retractile, with 10 long 
sensory cones at tip, mandible with four teeth 
and articulated endopecten (prostheca) with 
eight teeth, paraglossa with a row of four long, 
glandular-type setae and three minute setae, 
labial palpus a raised disc with four setae and one 
finger-like process near the anterior edge of the 
disc, antenna with 23 segments, first segment 
with one whorl of six setae, second segment with 
three anterior and three posterior setae, all dor- 
sal, third and fourth segments each with one 
whorl of 10 setae, long and short alternating, 
fifth and sixth segments each with one whorl of 
10 setae and one posterior whorl of three tricho- 
bothria, dorsal ventral and lateral, none on 
interior face of the segment, trichobothria equal 
in length to longest normal seta, seventh segment 
with an anterior whorl of 10 long setae and a 
posterior whorl of six shorter setae in which two 
trichobothria with the dorsal one modified to a 
stalked pyriform sensillum, eighth segment with 
two whorls of setae and three trichobothria of 
which two dorsal and one lateral, ninth segment 
two whorls and one trichobothrium, dorsal, tenth 
segment two trichobothria, dorsal, eleventh seg- 
ment two whorls of normal setae, no tricho- 
bothria, twelfth segment, one trichobothrium, 
dorsal, thirteenth to twenty-second segments, 
two whorls normal setae, no trichobothria, last 
segment one third longer than wide with about 
80 normal setae, terminal placoid sensillum 
present but retracted in most specimens. 

Thorax.—Pronotum with 3+3 long, branched 
setae, 1+1 short, stout, branched setae at ex- 
treme lateral margins, and 4+4 smaller, simple 
setae, mesonotum with 8+8 long to medium, 
branched setae and 12+12 short, simple setae, 
metanotum with 8+8 long to medium, branched 
setae and 12+12 short, simple setae; legs, dorsal 
apex of femur with a close row of 4 simple setae, 
leg I tibia with two long, ventral, apical, simple 
setae two-thirds length of tarsus, legs II and III 
these two setae short, stout, with four teeth each, 
tarsus I with two rows of ventral setae, two large 
and one small per row, empodium very minute, 
tarsi II and III with two ventral rows of four 
setae each, pretarsus with two minute, seta-like 
ventral projections, tarsal claws unequal, em- 
podium straight. 

Abdomen.—Tergite I with 4+4 serrate setae 
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and 15+15 smaller, simple setae mostly arranged 
as a fringe along the posterior margin of the 
tergites, tergite II with 7+7 serrate setae and 
14+14 smaller simple setae, tergites III to VII 
with 8+8 M, tergite [IX with 4+4 M on dorsum, 
tergite X with 3+8 large setae of which only 
median pair serrate; prescuta of all abdominal 
segments without setae. Pleuron I with pre- 
pleurite absent, pleurite large, oval, with one 


Fic. 1 
dorsal view. Fic. 3. 
dorsal view, for figs. 1-4 e=0.10 mm. 
two minute setae from segment 9 of S. 
minute seta from 15th segment of S. stanget. 


FIG. 


Projapygidae and Anajapygidae in North America 


Cerci of S. almeidai Wygo. male, dorsal view. 
Cerci of A. menkei female, dorsal view. 
5. 
stangei 


Old 


small posterior, simple seta, pleura II-VII pre- 
pleurite absent, pleurite fused with sternite and 
carrying one small seta. Abdominal sterna, 
apotome I with 1+1 M and 1+1 simple setae, 
(all other apotomes without setae), sternite | 
(fig. 20) with 4+4 M in discal area and a pos- 
terior fringe of S+8 setae of which some serrate, 
as illustrated, stylus I tapered toward the tip, 
twice as long as wide at the base, with two 


Fic. 2.—Cerci of S. stangei female, 
Fic. 4.—Cerci of S. stangei male, 
Cup and base of trichobothrium subtended by 
Fic. 6.—Trichobothrium subtended by one 
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postmedian simple setae, the longer as long as 
the stylus, tip of stylus with a large, glandular 
seta, as long as the stylus, lateral subcoxal organs 
globose, terminating apically in a slender tapered 
part, all somewhat sclerotized, with two simple 
setae mesad on the globose portion, the longest 
equal to length of stylus I, sternites II to VII 
with 3+3 M in the discal area and a posterior 
row of 10+10 setae, some serrate, of which 5 are 
grouped laterad of each stylus, one of these serrate 
with two pinnules, sternite VIII without setae 
except near the genital organs, this area with 3+4 
small simple setae, posterior margin of VIII 
fringed with an irregular row of 8+8 setae of 
which 2+2 serrate, genital papilla rounded (fig 
25), twice as wide as long, with basal row of 4+4 
setae, tip of papilla marked off by a straight line 
and eight setae on the tip portion, spermatheca 
a simple slender twisted tube extending to mid 
line of segment VIII, ventral portion of tergite 
IX with 3+3 M and 2m between each adjacent 
two M, sternite X anterior half without setae, 
posterior half with 2+2 M posterolateral and 
10+10 simple setae, some of which as long as 
the serrated seta, styli II-VII with 3 simple setae 
and a terminal, glandular seta. 

Cerci (fig. 3) seven-segmented with an absciss 
layer at the equator of first segment, and segments 
I and II fused, cerci slightly spindle-shaped with 
greatest width in segment II, segment I with 
three lateral setae basally and three lateral ser- 
rate setae distally, segment II with a basal whorl 
of seven small glandular setae and a distal whorl 
of seven sensory setae, segments III to V with 
basal whorl of eight glandular setae and distal 
whorl of eight longer sensory setae, segment VI 
with two whorls of seven setae each, segment 
VII with basal whorl of seven minute setae and a 
distal whorl of seven longer setae reaching half- 
way to the tip of the longitudinally striated 
excretory tube, all setae on cerci simple, curved, 
except the three on segment I. 

Length of body not including cerci 2.52 mm., 
cercus 0.29 mm. 

MaLeE.—Very similar to female, except no 
spermatheca, anterior portion of genital papilla 
(fig. 24) with anterior row of 2+3 setae and 
posterior row of 3+3 setae, posterior portion 
with 2+2 relatively long setae and two rings of 
many minute setae around genital pore. 

Length of body not including cerci 2.30 mm., 
length of cercus 0.27 mm. 

Holotype @ and paratype o& in California 
Academy of Sciences, paratypes in U.S.N.M, 
California Insect Survey, Berkeley, and Uni- 
versity of California, Davis. 

Habitat: Type 9°, six paratype females, and 
eight paratype males, 3 miles south of Santa Rosa, 
Vera Cruz, Mexico, August 17, 1959, A. S. Menke 
and L. A. Stange, in moist humus; two paratype 
females, 12 miles South of Chivela, Oaxaca, 
Mexico, August 18, 1959, A. S. Menke and L. A. 
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Stange, in moist humus. The gut contents of 
the majority of specimens show unidentifiable 
insect parts, chiefly integument and setae, but 
one specimen contains most of the parts of one 
Anajapyx sp. which may be an ingested moulted 
skin. 


Anajpayx amabilis L. Smith, new species 


FEMALE.—Similar to the female of A. menkei 
except: antenna with 24 segments, single seta 
on globose portion of lateral subcoxal organ, 
primitive segment II of cerci with a whorl of five 
setae of which two serrate, anterior part of the 
genital papilla (fig. 22) with a row of 3+3 basal 
setae and 2+2 minute distal setae set at a 45° 
angle to the midline, posterior part of papilla 
with two curved, posteromedian setae. 

Length of body not including cerci 3.08 mm., 
length of cercus 0.27 mm 

Male unknown. 

Holotype 2 in California Academy of Sciences 

Habitat: Alazan, Vera Cruz, Mexico, August 
15, 1959, A. S. Menke and L. A. Stange; in moist 
leaf mold 


Anajapyx hermosus L. Smith, new species 


FEMALE.—Similar to A. menkei except: labrum 
with 8+8 small setae, lacinia of maxilla with 
three pectinate laminae (fig. 9), maxillary palpus 
(fig. 11) with one apical seta, three times as long 
as the palpus, three small setae and two short 
blunt setae, mandible with five teeth and two 
small denticles on the dorsal edge, labial palpi 


antenna with 26 segments, 2nd segment with 
basal whorl of six setae, of which one lateral 
serrate, and a distal whorl of four setae, 6th seg- 
ment typical but with four trichobothria, 7th 
segment with pyriform sensillum and two normal 
trichobothria, 9th with two trichobothria, 
dorsal and one lateral, 10th segment three tri- 
chobothria, two dorsal and one lateral, 12th two 
dorsal, 13th two whorls of normal setae, 14th one 
dorsal, 17th to 26th no trichobothria, large pla- 
coid sensillum at tip of ultimate segment. Pro- 
notum typical but setae with three to five bar- 
bules, dorsal apex of femur with a close row of 
three simple setae, meso- and metatarsi with 
three setae per ventral row, tergite I with 3+3 
M, styli II to VII with four simple setae and a 
terminal glandular seta, cerci apparently eight- 
segmented, segment VII with a basal whorl of 
eight glandular setae and a distal whorl of eight 
sensory setae, segment VIII with six glandular 
and six sensory setae, segment IX with a whorl 
of six very minute (glandular?) setae and a distal 
whorl of six large sensory setae extending three- 
fourths of the distance to the end of the secretory 
tube 

Length of body not including cerci 1.96 mm., 
length of cercus 0.36 mm. 

Male similar to female but with genital papilla 


one 
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stanget female, ventral view. Fic. 8.—Same for A 
Fic. 10.—Tip of left mandible of S. stangei 


Maxillary palpus of A. hermosus female. FiG. 12.—Labial palpus 
of S. stangei female, ventral view; e=0.028 mm. Fic. 13.—Tip of left mandible of A. menkei 
female, dorsal view. Fic. 14.—Maxillary palpus of S. stangei female; e=0.013 mm. Fic. 15. 
Fic. 16.—Labial palpus of A 


Tip of protibia with comb and base of tarsus; e=0.033 mm. 
i Fic. 17.—Tip of tarsus showing pretarsus with two long setae, 


Right lacinia of maxilla of § 


FIG. 7 
Same for A. hermosus female 


menkei male. FIG. 9 
female dorsal view. Fic. 11. 


hermosus female, ventral view 
S. stangei male 
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as illustrated (fig. 21). Length of body not 
including cerci 2.00 mm., length of cercus 0.33 
mm. 

Holotype 2 and paratype male in California 
Academy of Sciences, one paratype female in 
University of California, Davis. 

Habitat: Two females and one male, 4 miles 
west of Newcastle, Placer Co. California, April 
15, 1958, L. M. Smith and R. O. Schuster, in 
wet soil and humus. 


Symphylurinus stangei L. Smith, new species 


FEMALE.—Head dorsum with approximately 
50+50 setae of similar size, two larger setae in 
midline between bases of antennae, and paired 
setae of equal size on base of labrum, occipital 
suture branched, forming a Y with the anterior 
edge of each branch beaded with 15 to 17 nodules, 
tip of labrum with 5+1+5 setae, no serrate setae 
on head or antennae; mandible articulated at 
posterolateral corners of the head capsule, with 


four teeth and a thin articulated endopecten — 


(prostheca) with five teeth; maxilla with lacinia 
slightly curved (fig. 7), simple, not bifid, provided 
with three pectinate laminae, of which the basal 
one projects mesad, first (distal) lamina with 16 
teeth, second with about 14, and basal lamina 
with 5 teeth, galea membraneous with one or 
two setae near tip but no cluster of sensory cones, 
maxillary palpus (fig. 14) one-segmented, 0.068 
mm. long, with 12 setae and a double sensillum 
laterad, paraglossa recurved with four spatulate, 
hyaline setae at tip, labial palpus one-segmented, 
parallel sided, length 0.20 mm., width 0.028 mm., 
with 6 setae on the posterior (or dorsal) face and 
34 setae on the anterior (or ventral) face, becom- 
ing shorter and denser apically, antenna with 23 
segments, segment I with one whorl of five setae 
and numerous minute setae, segment II with an 
anterior whorl of three setae and a posterior whorl 
of five setae, segment III with one whorl of nine 
normal setae, segment IV with one whorl of 
seven normal setae and six trichobothria, segment 
V with 12 small curved setae in basal whorl and 
10 normal setae and § trichobothria in distal 
whorl, of which one dorsal (fig. 5) is subtended by 
two minute accessory sensory setae, segment VI 
as in V but with seven trichobothria one of which 
is subtended by two minute setae, segment VII 
with 20 small curved setae in basal whorl, 10 
normal setae in distal whorl and 6 trichobothria 
of which one subtended by 2 minute setae, seg- 
ment VIII with 20 small curved setae in basal 
whorl, 10 normal setae in distal whorl and 5 
trichobothria of which none subtended by small 
setae, segment IX with 18 curved setae in basal 
whorl and 14 normal setae in distal whorl and 4 
trichobothria one of which is subtended by two 
minute setae and one (fig. 6) is subtended by one 
minute seta, segment X similar to LX but with 
four trichobothria one of which is subtended by 
one minute seta, segment XI with 16 setae in 


Annals of the Entomological Society of America 


[Vol. 53 


distal whorl and 3 trichobothria, segment XII 
with 12 setae in distal whorl and 2 trichobothria, 
segment XIII with 14 setae in distal whorl and 
3 trichobothria one of which subtended by one 
minute sensory seta, segment XIV similar with 
2 trichobothria, segment XV with 4 trichobothria 
of which one subtended by one minute seta, seg- 
ments XVI to XXIII without minute, subtending 
setae, and with trichobothria distributed as fol- 
lows: XVI=3, XVIIT=4, XVIII=3, XIX=3, 
XX =2, XXI=3, XXII=1, and XXIII=0, ter- 
minal segment with two circular areas (placoid 
sensillae?), one dorsolateral and one midventral, 
each divided into five or six radial segments, no 
terminal placoid sensillum. 

Thorax.—Pronotum with 4+4 M and about 
7+7 m, mesonotum prescutum with 5+5 spicules, 
scutum 8+8 M and 8+8 m, metanotum prescu- 
tum with 4+4 spicules, scutum 5+5 M all serrate 
and 9+9 m, legs long, tarsi equal in length to 
their tibia, tarsal claws subequal, empodium 
lacking, pretarsus (fig. 17) with two conspicuous 
ventral setae, two-thirds as long as tarsal claw, 
dorsal apex of femora with a close row of three 
setae of which two serrate, L; tibia with a close 
row of four or five stout, contiguous setae at 
ventral apex, forming a comb (fig. 15), Le and L; 
tibia with two typical large, stout, simple calcar 
spurs near ventral apex, tarsi with 40 to 50 setae 
larger and more numerous ventrally, posterior 
margin of thoracic sterna fringed with a row of 
serrate setae as follows: prosternum 7+7, meso- 
sternum 7+7, metasternum 1+ 1. 

Abdomen.—Tergite I 2+2 M, II 3+3, HI-VII 
S+8 M, VIII 4+4 M on posterior margin, IX 
3+3 M dorsally along posterior margin and 2+2 
M ventrally, X 1 M median, apotome I with 
3+2 M and 3+3 m, sternite I (fig. 18) with 6+6 
M, 18+18 m and a cluster of four larger m 
laterad of the base of each stylus, lateral subcoxal 
organs cylindrical, slightly tapered toward tip, 
subequal to styli I, length 0.10, width at base 
.036 mm., with 17 simple short setae laterally 
and 9-10 short glandular setae apically, stylus I 
with eight simple setae of various lengths and one 
longer, terminal, glandular seta, apotome II with 
$+4 m, sternite II with 1+1 M discally, 3+3 
M between bases of styli, 1+1 M just anterior to 
base of stylus, and a cluster of 4+4 M laterad of 
bases of styli of which one, ventral serrate, apotome 
III with 7+7 m, sternite III with 2+2 M discally, 
and posterior setae as on sternite II, apotomes 
IV-VII with 7+7 m, sternites IV—VII as in II 
except only 2+2 M between styli, stylus II with 
11 setae including terminal glandular seta, styli 
III-V with 12 setae, stylus VI with 14 and 
stylus VII (0.128 mm. long) with 16 setae, s)/s;= 
0.47, sternite VIII with 1+1 M and 44 m ar- 
ranged in four transverse rows, genital papilla 
rounded with a regular row of 11 simple setae, 
spermatheca tubular, sternite X 2+2 M and 
12+12 m of which one posterior large, acropy- 
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gidium bluntly conical with one median straight 
seta and 1+1 shorter, inwardly curved setae. 
Cerci (fig. 2) 10-segmented, with segments 1-5 
fused, slightly spindle shaped with greatest width 
in segment III, absciss layer in segment I between 
the two whorls of setae, segment I with basal 
whorl or four large simple setae laterad and two 
minute setae mesad, and a distal whorl of seven 
longer setae, segment II with seven basal and 
eight distal, segments III-VIII with eight basal 
and eight distal, segment IX with four basal and 


aK 


Fic. 18 
organs and styli with m omitted on sternite 


male, showing secondary sexual characters. FIG. 
menke1, showing subcoxal organs and styli, with m omitted on sternite. Fic. 21 
22.—Same for 
stangei male, showing secondary sexual characters. FIG. 24 
menkei female 


I of A. 
papilla of A. hermosus male. Fic. 
segment of 5S. 


for A. menkei male Fic. 25 Same for A 


Projapygidae and Anajapygidae in North America 
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eight distal, segment X with a whorl of six large 
setae basally and eight small setae distally, ter- 
minating in a longitudinally striated tube. 

Length of body, not including cerci, 3.28 mm., 
length of cercus 0.56 mm. 

Male similar to female except antennal segment 
I with eight small setae, segment II with a large 
conspicuous sensillum as illustrated (fig. 19) and 
nine setae of various sizes, segment III with nine 
setae of various sizes, a stalked ovoid sensillum 
and a pit-like structure as illustrated (fig. 23 
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Apotome and sternite, abdominal segment I of S. stangei female, showing subcoxal 
Fic. 19. 


Second antennal segment of S. stangei 
20.—Apotome and sternite, abdominal segment 
Genital 
Third antennal 
Genital papilla 


A. amabilis female Fic. 23. 
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tergite X with no M and three pairs of postero- 
median setae, genital papilla rounded with pos- 
terior row of 14 small simple setae, s)/s;=0.53, 
cerci (fig. 4) 10-segmented, more slender than in 
female, with segments 1—6 fused; left cercus with 
segment I with a basal whorl of seven setae, 
mostly laterad, two minute setae mesad and a 
row of three pores dorsally, a distal whorl six 
large setae, one short, stout spur and one modi- 
fied setal socket, segment II basal whorl of four 
smaller setae and distal whorl of five large setae 
and one short stout spur, segment III with one 
whorl only, of seven smaller setae and one modi- 
fied setal socket, segment IV with basal whorl of 
five smaller setae and distal whorl of five large 
setae and one very small blunt spur, segment V 
with basal whorl of six and distal whorl of eight 
setae, segment VI with basal whorl of six setae, 
distal whorl of six large setae and two large 
sclerotized spurs on prominences, segments VII 

IX with basal and distal whorls of eight setae 
each, segment X with basal whorl of six larger 
setae and distal whorl of seven smaller setae, 
right cercus segment I with basal whorl of six 
setae, three pores, and two minute mesad setae, 
distal whorl of six large setae and two modified 
setal sockets, segment II basal whorl eight, 
distal whorl five and one modified socket, seg- 
ment III one whorl only, of seven setae and 
one modified socket, segments IV and V basal 
and dista! whorls each with seven setae and one 
modified socket, segment VI basal whorl six, 
distal whorl seven setae and two large spurs, 
segments VII to X with seven setae in each whorl, 
and no modified setal sockets. 

Length of body, not including cerci 3.10 mm., 
length of cercus 0.61 mm. 

Holotype 9 and paratype o& in California 
Academy of Sciences, one juvenile University of 
California, Davis. 

Habitat: In damp leaf mold, 12 miles south of 
Chivela, Oaxaca, Mexico, August 18, 1959, A. S 
Menke and L. A. Stange, taken with A. menkei 
L. Smith. The gut contents of the male shows 
parts of several mites, identified by Dr. F. M 
Summers as belonging to the suborders Trombi- 
diformes, Sarcoptiformes and Mesostigmata 


DISCUSSION 

The development of projections on the inner 
faces of the cerci of the male in Symphylurinus 
is of considerable interest. The question arises: 
are they armature or ornament? Since they 
occur only in the males, they might be regarded 
as secondary sexual characters or ornamentation 
This is supported by the fact that the forceps 
in the male of some japygids are larger and more 
ornate than in the female, and by the larger and 
more ornate forceps of the male earwig. Nothing 
is known of the mating habits of Symphylurinus, 
but it seems improbable that the projections are 
used in copulation. However, if females pre- 
ferred males with defensive spines on the cerci, 
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this would obviously have survival value for the 
species. 

Regardless of the reasons for their early de- 
velopment, it is obvious that the development of 
armament on the cerci was the progenitor of the 
forceps of the Japygidae, wherein the forceps play 
an important role in defense, fighting, food 
getting, and eating. The armament of the cerci 
of Symphylurinus appears to have arisen by two 
different routes. In S. blanguernoni Pagés (1951) 
the inner faces of the cerci are armed with many 
short, stout setae, each of which arise from an 
elevated setal socket. This trend is further 
developed in S. menkei L. Smith. The small 
projection on primitive segment 4 (fig. 4) is 
obviously a modified seta; it appears to be a 
very short, blunt seta with a normal setal socket 
and is one of the original eight large setae forming 
the distal whorl of that cercal segment. Exami- 
nation of the progressively larger projections 
shows them to be modified setae and members of 
the distal whorl of 8 original setae. These pro- 
jections may therefore be regarded as spurs 

On the other hand some species of Symphy- 
durinus armatures which appear to be 
outgrowths of the integument, without articula- 
tion, and these structures may be regarded as 
spines. The nature of these spines is illustrated 
(fig. 1) for S. almeidai Wygo. drawn from a 
paratype kindly supplied by Dr. Petr Wygodzin- 
sky. Some other species which possess such 
spines are: SS. discretus Silv., and S. paratus Silv 
As knowledge of these species accumulates it 
may become convenient or meaningful to separate 
the genus Symphylurinus into two genera on the 
basis of spines vs spurs. In such a case the name 
Symphylurinus must be applied to those forms 
having spines since the type, S. grassii Silv., has 


possess 


spines on the cerci 

In some species an almost unbelievable modi- 
fication of certain trichobothria has occurred 
Two minute setae arise near the cup of the tri- 
chobothrium (fig. 5) and bend over so 
embrace the base of the trichobothrium, or in 
other cases a simple minute setae branches to 
embrace the trichobothrium (fig. 6). Silvestri 
(1938) saw these minute setae and believed them 
internal tubes. Consequently 
he named them “‘trichobothrium bifoveolatum”’ 
and ‘“‘trichobothrium unifoveolatum.’”’ Pagés 
(1956) correctly interpreted these structures as 
minute setae. The small setae which embrace a 
trichobothrium are often associated with a tri- 
chobothrium of greater length than ordinary 
For the genera Projapyx and Symphylurinus 
Silvestri (1938) stated that a _ trichobothrium 
subtended by two minute setae occurred on an- 
tennal segments 5, 6, 7, and 9; and that a tricho- 
bothrium subtended by one minute seta occurred 
on antennal segments 9, 10, 13, and 15. This 
distribution has been verified by Pagés (1956) 
for S. marcuzzii Pagés and the same arrangement 
occurs in S. stangei L. Smith. It therefore 
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appears that this arrangement is a _ family 
character. 

Silvestri (1938) divided the sensory setae on 
the antennae into two types: ‘‘trichobothrium 
simplex’’ and ‘“‘sensillum trichoideum’’. While 
these two types do in fact exist they are difficult 
to distinguish in certain situations and the writer 
lumps them together in this paper under the name 
trichobothria. The number and distribution of 
these trichobothria for several known species are 


given in table 1. 


Distribution of trichobothria on 
antennal segments. 


TABLE 1. 


hermosus 
amabilis 
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menket 


marcusci 
. Stange 


Segment 
Py oja pyx spp ! 
juvenile 
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26 


‘From Silvestri 1938 
*From Pagés 1956. 


It has not been possible for me to examine 
Silvestri’s types for A. mexicanus and A. vesi- 
culosus. On the basis of his written descriptions 
the species may be separated as follows: 

KEY TO THE SPECIES OF ANAJAPYGIDAE 

OF THE WORLD 

Ventral apex of tibia with two robust setae (calcar 
spurs), tergite 1 4+4 M, tergite II 7+7 M. ter- 
gites III-VII 8+8 M, lateral subcoxal organs 
with one or two setae on globose area and no setae 
at apex, lJacinia with two or three peccinate 
lamellae, antennae with 23-26 segments 

Ventral apex of tibia with three robust setae, ter- 
gites I-VII with 6+6 M, lateral subcoxal organs 
with three or four short setae on globose area and 
one short seta at apex, lacinia with three pectinate 

lamellae, antenna with 23 segments 4 
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2. Antenna with 26 segments, lacinia with three pectin- 
ate lamellae, mandible with five teeth, trichobo- 
thria on antennal segments 5-10, 12, 14, and 16, 
lateral subcoxal organs with two setae on globose 
area. Anajapyx hermosus n. sp 

Antenna with 24 or 23 segments, lacinia with two 
pectinate lamellae, mandible with four teeth, 
trichobothria on antennal segments 5-10, and 
12, lateral subcoxal organs with one or two setae 
on globose area. 

3. Antenna with 23 segments, median subcoxal organs 
with two setae on globose area, primitive segment 
II of cercus with distal whorl of seven setae, all 
simple, genital papilla as illustrated 

A. menkei n. sp 

Antenna with 24 segments, median subcoxal organs 
with one seta on globose area, primitve segment 
II of cercus with distal whorl of five setae, of 
which two serrate, genital papilla as illustrated 

A. amabilis n. sp 
Lateral body setae larger with two pinnulae 
A. mexicanus Silv. 
Lateral body setae smaller with three pinnulae 
A. vesiculosus Sil\ 


In his description of A. mexicanus Silvestri 
(1909) briefly mentioned the species and did not 
attempt to give specific characters, other than 
antenna 23-segmented and cercus 6-segmented. 
He stated that A. mexicanus was very similar to 
A. vesiculosus Silv. and could be distinguished 
only by the posterolateral setae on the body 
which were longer and carried two pinnulae in 
A. mexicanus; and were shorter and carried three 
pinnulae in A. vesiculosus. Consequently, from 
the description of A. vesiculosus Silvestri (1903) 
we find these two species have the following 
characters in common: tergites I-VII 6+6 M, 
VIITI-IX 4+4 M, X 4+4 long setae of which 
only 1+1 are serrated, pronotum 4+4 M, meso- 
and metanotum 8+8 M, tibia with three robust 
setae on ventral apex, lateral subcoxal organs with 
three or four short setae on globose area and one 
short seta at apex, lacinia with three pectinate 
lamellae. 
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ABSTRACT 


Adults that had been exposed to selected doses of 
high-speed electrons were subsequently offered various 
diets. Longevity studies and radioisotopic tracer 
studies showed that they fed to some degree after irradia- 
tion. After exposure to 27,400 rads or more, feeding 
ceased for at least 2 days, then was resumed between 
the second and the seventh days, and the amount of 


The dose of ionizing radiation employed for 
controlling insects in foods may depend partly on 
whether the insects continue to cause significant 
feeding damage after being exposed to the mini- 
mum lethal dose of radiation. Therefore, an in- 
vestigation was undertaken to determine whether 
adults of the common _ stored-product pest 
Tribolium castaneum (Hbst.) feed after exposure 
to lethal doses of high-speed electrons. 

King and Wilson (1955) showed that Drosophila 
melanogaster Meig. feeds after exposure to about 
60,000 r of 250 kilovolt-peak X-rays; a 2- to 6- 
hour increase was noted in the time required for 
the insects to become engorged with food after 
exposure to the radiation. Wharton and Whar- 
ton (1959) have likewise shown that Periplaneta 
americana (L.) consumes food after receiving 
lethal doses of radiation. Other studies have 
shown that the lethal effects of ionizing radiations 
on insects may appear after a lapse of time rang- 
ing from | day up to several weeks (Hilchey 1957). 
It has even been reported that the life spans of 
Tribolium confusum Duv. (Davey 1917, Cork 
1957), Habrobracon (sp.?) (Sullivan and Grosch 
1953), and Bracon hebetor Say (Grosch 1956) 
were increased by suitable doses of radiation; 
Hassett and Jenkins (1952) working with Lyctus 
sp., Sullivan and Grosch (1953) studying Habro- 
bracon (sp.?), and Grosch (1956) working with 
Bracon hebetor Say found that these insects 
undergo a form of semiparalysis (knockdown) 
immediately after exposure to certain lethal 
doses of radiation. 


MATERIALS AND METHODS 


Either a 1- or 2-million electron volt (Mev) 
Van de Graaff electrostatic generator was used 
as the source of high-speed electrons in these 
experiments. Dishes of adult 7. castaneum were 
moved by a conveyor belt under the beam of 
electrons which was scanned rapidly back and 


forth across the conveyor belt. The doses 
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feeding depended on the dose of radiation previously 
applied. The nutritional state of the beetles after 
exposure to certain dosages of radiation affected their 
life expectancy. At least two dose-dependent modes of 
mortal response to irradiation with high-energy electrons 
were exhibited by 7. castaneum, and starvation was not 
a primary cause of death in irradiated individuals 


administered are described in rads; the rad, the 
unit of absorbed dose, is equal to 100 ergs per 
gram of target (Hine and Brownell 1956). The 
administered with the 2-Mev generator 
were calculated on the basis of equation (1) 


yy mp raf 
iii ta ales’ (= x 10° ~) 
slg 


doses 


where: 

[=beam current in microamperes (ua) 

E=factor representing the fraction of the total 
energy falling within the useful scanned area; 
estimated by the makers‘ of the machine to 
be 0.9. 
factor to correct for energy loss by electrons in 
air 
factor for converting watt-second 
ergs per gram to rads. 
=beam potential in millions of volts 
area of the median frontal section of the 
in square centimeters. 
=proportion of the energy of the incoming ele« 
trons which is transferred to the target 
speed of the conveyor belt in centimeters per 
second 

1=length, centimeters, of the approximately) 
rectangular area scanned by the beam 


g=weight of the insect in grams 


to ergs, and 


insect 


The doses administered with the 1-Mev ma- 
chine were calculated on the basis of equation (2) ; 
1.27 x 10° Ev af 2 

Dose in rad I ( : 7 = ) 


where 


1, in centimeters, of the major axis of the 
imately elliptical area scanned by the 
beam 
7=factor, correcting for elliptical 
of useful scan 


nature of area 


values for beam current, beam potential, 
conveyor speed, and length of scan were deter- 
mined by the beam operator. Factors for area 
and weight were prepared for 7. castaneum 
adults from data obtained from three samples of 
beetles containing 100 beetles each. The average 
weight was determined following direct weighing 


3A detailed development of equations (1) and (2) will 
be found in the paper by Hilchey and Cooper (1960) listed 
under ‘‘References Cited.”’ 
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of each group of 100 beetles. Volume displace- 
ment methods were used to determine the 
average volume of the adult beetles, and photo- 
graphic procedures were used to obtain the 
average area of the median frontal section of the 
adults. From the latter two values it was pos- 
sible to calculate the thickness of a beetle as if 
the beetle were uniform in thickness throughout 
the length and breadth of its body. This theo- 
retical value for thickness is designated herein as 
the “effective thickness’’ of the beetle. The 
value for average effective thickness of the beetle 
was employed to calculate f, the proportion of the 
energy of the incoming electrons which is trans- 


TABLE I. 
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LONGEVITY STUDIES 

The insects were placed in 4-inch glass petri 
dishes in groups of 20 each, either with or without 
an experimental medium, 16 hours prior to irra- 
diation. This procedure was made necessary by 
the exposure schedules available at the irradia- 
tion facility. The insects were exposed in the 
opened petri dishes to various doses of 2 Mev 
electrons. Each combination of radiation dose 
and feeding treatment was administered to three 
replicate dishes of beetles (see individual experi- 
ments described below). The Ts» (median lethal 
time) for unirradiated adults confined in flour 
during the post-irradiation period (tables 1 and 


Effect of non-nutritive media on the longevity of irradiated 


Tribolium castaneum adults 


Mean T; 


Dose in rads Flour None 


in days when placed in the following media 


Powdered 
Cellulose 


Celite 


0 
29,900 
59,900 

116,000 


*Mean and standard error of the 


dishes of insects, each containing 20 individuals 


115.0+8 .57* 
16 0+0 289 
15 0+0 500 
13.2+0. 129 


9. 7+0.18 
10.7+0 29 
11 0+0.000 
9 5+0 58 


mean, in day 


9 0+0.29 
9.0+0.29 
10.2+0 826 
10 2+0. 428 


9 8+0.32 
10.3+0 447 
10.5+0 500 
10.2+0.592 


Ts0’s derived from three repli 


TABLE 2 


Effects of preirradiation and postirradiation feeding on the longevity of adult 


Tribolium castaneum 


Mean T 


Fed before* 
Fed after* 


0 115.0+8 57° 
29,900 15. 7+0. 182 
116,000 15. 5+0 289 
241,000 9 1+0.58 
298 ,000 1+0 071 


357 ,000 )}4+0 1 7+0 


Unfed before 
Fed after 


o in days under the following feeding treatments: 


Fed before 
Unfed after 


Unfed before 
Unfed after 


10.8+0.129 13.3+0 606 
10.3+0 342 12.9+0.224 
11.1+0 806 11.2+0.129 
6.7+0.59 & 3+0.18 
2.3+0.45 1.7+0.15 
0.6+0.1 0.5+0.08 


*‘Before’' and ‘‘after’’ in respect to the time of irradiation. 


bMean and standard error of the mean, in days, of T 


‘'s derived from three replicate 


dishes of insects, each containing 20 individuals. 


ferred to the target, by use of the curve for dis- 
tribution of ionization of high speed electrons in 
water (Trump and Van de Graaff 1948). 

All test insects were adults; they were removed 
from culture for test purposes 2 weeks after they 
had emerged from the pupal stage. The routine 
culture medium prior to the tests was whole 
wheat flour. Either flour or experimental media 
were used before and after irradiation except in 
certain cases in which no medium was provided 


2) was calculated from prior observations made 
on 12 groups of 20 insects each. The Ty’s for 
unirradiated insects which were not fed were 
obtained by setting up these starved controls as 
integral parts of the two longevity tests. The 
results are reported in tables 1 and 2. 

Two different experiments were carried out to 
test the hypothesis that 7. castaneum feeds after 
exposure to lethal doses of beta radiation. These 
tests were based on the assumption that if the 
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insects fed after irradiation, they would derive 
some benefit from the food, and their longevity 
would be increased. As a corollary it was 
reasonable to assume that if the presence of food 
increased the longevity of irradiated insects, the 
insects must have fed upon the food. 

The first experiment was designed to determine 
whether furnishing irradiated insects with food 
increased their longevity. Insects irradiated with 
29,900, 59,900 or 116,000 rads of 2-Mev electrons 
either were starved or were placed in flour, Celite, 
or powdered cellulose. Celite 545 and powdered 
cellulose were used in order to provide the insects 
with a nonnutritive medium which had physical 
characteristics similar to those of flour. The use 
of such controls would permit statistical elimina- 
tion of any possible physical protection afforded 
the beetles by the flour. 

The second experiment was designed to deter- 
mine the effects of postirradiation feeding over a 
wider range of radiation doses. As was noted 
above, the insects were placed in the petri dishes, 
with or without flour, 16 hours prior to irradiation 
Setting up an appropriate array of diets provided 
a means for statistically eliminating the effects 


TABLE 3.—Effect of l-Mev electron radiation on 
whole-body radioactivity of Tribolium 
castaneum fed P® 


Radioactivity of beetles after feeding 
D periods of: 
ose in 
rads 


2 days 7 days 14 days 


2840 + 185 
1070+ 151 
1330+ 177 
1390+ 152 


2070 + 130 
1220 +275 
1480+ 91.5 
1160+ 132 
119+ 61 0 
131+ 54.9 


0 947 +88 9 
7,400 45.9+27 
57,400 42 0+22 
111,000 15.3+ 6 
222,000 18+ 0.92 
250,000 49+ | 


*Mean and standard error of the mean, in counts per 
minute, of single determinations on each of 10 beetles. 
bInsects died before 14th day 


of this preirradiation starvation and feeding from 
the analysis of the results. In this experiment 
the sole medium provided was whole wheat 
flour. The feeding treatments were: (1) fed 
before-fed after (FF), (2) unfed before-fed after 
(UF), (3) fed before-unfed after (FU), and (4) 
unfed before-unfed after (UU). ‘‘Before’’ and 
‘“‘after’’ refer to the time of irradiation; ‘‘unfed 
before’ indicates that the beetles received no 
flour in the 16 hours prior to irradiation; ‘‘unfed 
after’ indicates that the insects were starved for 
the remainder of their lives following irradiation. 
These insects were exposed to doses of 29,900, 
116,000, 241,000, 298,000, or 357,000 rads. of 
2-Mev electrons. 

In both experiments daily records of mortality 
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were made, and the median lethal time in days 
(Tso) was estimated for each group of 20 insects 
by use of an eye-fitted regression line on log- 
probit paper. The results of each test were sub- 
jected to an analysis of variance (Snedecor 1946). 
The effects of a treatment were considered sig- 
nificant if the probability of the null hypothesis 
was ().05 or less. 

The relative degree of paralysis was determined 
by visual inspection immediately after exposure 
to radiation 


p*®-FEEDING STUDIES 

Radioactive phosphorus was used as a tracer 
in feeding studies. A solution of Na;PO, in 
H.O was mixed with flour at a rate of 2 ml. per 
gram of flour and allowed to dry. The radio- 
active mixture was ground with a pestle and 
mortar before being placed in petri dishes. The 
final radioactivity was 17.3 uc. per gram of flour 
T. castaneum adults which had been irradiated 
with 27,400, 57,400, 111,000, 222,000, or 250,000 
rads of 1-Mev electrons were allowed to feed on 
this flour ad libitum. <A control group of unir- 
radiated beetles was also allowed to feed on the 
P®_flour mixture. Samples of 10 insects each 
were removed from test dishes 2, 7, 14, or 26 
days after the irradiation. The insects were 
killed in acetone and rinsed twice with this solvent 
to remove any particulate radioactive material 
remaining on the exterior of the beetles. After 
the insects had been dried and placed individually 
in planchets, the radioactivity of each beetle was 
determined. The values obtained for radio- 
activity of the carcasses in counts per minute 
were corrected for background and decay. Dzif- 
ferences in the radioactivity of beetles given dif- 
ferent doses of radiation were so large that 
statistical analysis was unnecessary. The results 
are reported in table 3 and figure 2 


RESULTS 

Preliminary statistical analysis of the results 
of the first feeding experiment (table 1) showed 
that a large statistical interaction occurred be- 
tween the effects of radiation dose and the 
medium provided. This was partly due to the 
Tso’s of the unirradiated, flour-fed insects. When 
the data for unirradiated insects were excluded 
from consideration, it became possible to study 
the main parameters, medium and radiation dose 
Since the analysis of variance was used, the 
effects of these two parameters could be tested 
independently for significance. Dietary effects 
were found to be highly significant; the effect of 
radiation dose was not significant. Providing 
flour as a medium increased the longevity of 
adults for all doses used in this experiment. An- 
alysis of the data for starved insects and those 
confined in a medium of Celite or cellulose showed 
that neither the effect of medium nor the effect 
of radiation dose was significant within this group 
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Thus, providing the unfed insects with physical 
protection, in the form of cellulose or Celite, did 
nothing to increase their longevity. Further- 
more, irradiation with 30,600 or 119,000 rads 
failed to decrease the longevity of starved insects 
below that of unirradiated, starved insects 
Preliminary statistical analysis of the results 
from the second feeding experiment (table 2) 
also showed that a large statistical interaction 
between dose and diet tended to mask the action 
of these parameters. The interaction was partly 
due to the Tyo’s of the unirradiated insects which 
had been fed during the postirradiation period 
However, a critical examination of the data 
showed that even when this source of interaction 
was removed, the effect of dose was not constant 


FEEDING CONDITIONS AFTER 


Postirradiation Feeding Activity of Tribolium castaneum 


DST 


not constant over the range of doses used. Thus, 
longevity of insects exposed to either 29,900 or 
116,000 rads was increased by the presence of 
food after irradiation. There was no decrease in 
longevity which could be attributed to the in- 
crease in dose from 29,900 to 116,000 rads. 

When insects were exposed to 241,000, 298,000, 
or 357,000 rads, the effect of preirradiation or 
postirradiation feeding was insignificant, while 
the effect of dose was highly significant. Thus, 
increasing the dose within this range produced a 
significant decrease in life expectancy. Despite 
this fact, the insects which received equal doses 
of radiation died in the same length of time 
whether or not they were given food. 

Since the effect of preirradiation feeding was 


LEGEND 
IRRADIATION 


[] FED 
J unre 


No error terms are given since the values 
herein are averages of means of different 
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over all diets. Therefore, separate analyses of 
variance were carried out on the data for (1) all 
insects given 29,900 or 116,000 rads, and (2) all 
insects given 241,000, 298,000, or 357,000 rads 
The analysis of the data for insects given 29,900 
or 116,000 rads showed that, while the effect of 
the pattern in which food had been offered was 
significant, the effect of radiation dose was not 
More detailed study showed that the effect of 
feeding after irradiation was highly significant 
No general statement could be made about the 
effect of preirradiation feeding since its effect was 


populations. Dotted lines used only to indi- 
cate general trend of the curve of response 
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Effect of postirradiation feeding on longevity of adult 7ribolium castaneum 


undetectable in these experiments, the Tso’s of 
the two groups of postfed insects (FF and UF) 
were averaged for presentation in figure 1. The 
results for the two groups of insects which were 
starved after irradiation (UU and FU) were 
similarly treated and presented. This figure 
shows: (1) the significant effect of postirradiation 
feeding after exposure to the lower doses of radia- 
tion; (2) the lack of significant effects of low 
radiation doses on the longevity of starved insects 
as compared with unirradiated starved insects; 
and (3) postirradiation feeding condition has no 
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effect on longevity if the dose of radiation is made 
sufficiently large. Moreover, this figure suggests 
that a ‘“‘plateau”’ exists in the radiation response 
curve of fed insects. 

Administration of 29,900 or 116,000 rads of 
electrons failed to cause paralysis ot T. cas/aneum, 
but visual inspection of the insects indicated that 
241,000 rads were sufficient to cause this reaction 
Both the affected fraction of the population and 
the intensity and duration of paralysis increased 
as the was increased above 241,000 rads. 
Recovery of normal motility was complete within 
six hours for all doses used. 

Experiments with P® (figure 2) showed that an 
increase in radiation dose caused a decrease in the 
P® body-burden of the test insects. Here, too, 
P® content after exposure to 27,400, 57,400, or 
111,000 rads suggests a plateau in the response 
curve. The radioactivity of all irradiated beetles 
was extremely low during the first 2 days after 
irradiation. The body-burden of P® of the 
beetles increased between the second and seventh 
day regardless of the radiation dose administered. 
After the seventh day of feeding exposure, those 
irradiated insects which were still living tended 
only to maintain this status quo. None of the 
irradiated insects attained a P® body-burden 
comparable to that of the control (unirradiated) 
insects. No longevity observations from the P®” 
feeding studies were utilized since the added 
increments of beta radiation from the P® prob- 
ably biased the results by reducing the Ty's 
below expected values. 


dose 


DISCUSSION 

The increase in longevity of Tribolium casta- 
neum which were placed in flour after irradiation 
gives indirect evidence that this insect feeds after 
exposure to radiation. The flour did not provide 
mere physical protection; this is shown by the 
fact that if nonnutritive materials were sub- 
stituted for the flour, the Ts»’s were as expected, 
approximately equal to the Ts9’s of unfed insects 
Direct evidence for the occurrence of feeding 
activity by Tribolium after irradiation was ob- 
tained through the P*® tracer studies. The 
relatively large amounts of P*® found in the 
carcasses of irradiated insects could only have 
occurred as a result of ingestion of the flour- 
Na;P#O, mixture by the beetles. These results 
_ in close agreement with the conclusions drawn 
by Wharton and Wharton (1959) that P. ameri- 
cana feeds after exposure to certain 
radiation. Similar conclusions were drawn 
D. melanogaster (King and Wilson 1955) and for 
Habrobracon (Grosch 1956) on the basis of 
studies on irradiated adults of these species. 

Wharton and Wharton pointed out that 
studies on food consumption attest only to the 
ingestion of food, not to final assimilation 
Similarly, studies on whole-body radioactivity 
can only show that the food has been taken into 


doses of 
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the digestive tract. However, since ingestion of 
flour brings about an increase in longevity in 
these experiments, it follows that the irradiated 
insects must have absorbed nutrients from the 
alimentary canal and used them for support of 
their failing vital processes. The facts demon- 
strate the capacity of irradiated T. castaneum for 
continuing to cause damage to food products, 
since this activity is dependent only on ingestion. 

Additional information on the feeding activities 
of T. castaneum after irradiation can be inferred 
from the tracer studies. It is evident that the 
normal feeding activity was almost entirels 
halted for the first 2 days after irradiation. The 
hiatus in feeding activity was not closely related 
to paralysis since paralysis was found to be a 
transient effect at the doses used, lasting less than 
6 hours. Irradiated insects resumed feeding at 
some time between the second and the seventh 
day after irradiation. A similar effect has been 
noted by King and Wilson (1955) who showed 
that irradiation of D. melanogaster caused a delay 
of 2 to 6 hours in the time required by the insects 
to engorge themselves with food. 

The results in figure 2 show that the rate of 
accumulation of P® by irradiated 7. castaneum 
depended on the dose of radiation administered 
If the dose was 222,000 or 250,000 rads, the rate 
of accumulation was low. If the dose was 27,400, 
97,400 or 111,000 rads, the rate of accumulation 
of P® was high. In fact, during the interval from 
the second to the seventh day of feeding, the 
amount of P*® accumulated by insects given 
27 400, 57,400, or 111,000 rads was approximately 
equal to that accumulated by unirradiated insects 
In the absence of more detailed studies, it is im- 
possible to tell whether the slightly greater 
amounts of P* accumulated by irradiated insects 
during this interval has any biological significance. 
In this connection, King and Wilson (1955 
showed that once an irradiated D. melanogaster 
has recovered from the lapse in active feeding, 
the process of absorbing P*® from the gut proceeds 
at a normal rate even after exposure to 60,000 r 
yf X-rays 

After the seventh day of feeding on the flour- 
Na;P#0, mixture, the rate of P® accumulation 
dropped almost to zero for T. castaneum exposed 
to 27,400, 57,400, or 111,000 rads. This change 
was probably due to the onset of the final phases 
of the radiation syndrome. Under these cir- 
cumstances none of the irradiated insects was 
able to accumulate a P® body-burden equal to 
that of the a 

The extremely low values for P® 
or irradiated ation, after 2 days active move- 
ment in the Na;P”QO,-flour mixture, show that 
the acetone-washing technique was sufficient to 
remove external contamination 

It is clear that the nutritional state of Tribolium 
castaneum after irradiation affects the responses 
of this insect to radiation. Restriction of the 


body-burden 





1960] Rogers and Il1lchey: 
food intake makes the effects of the radiation 
syndrome more severe in that the final stage, 
death, occurs sooner after the exposure. This is 
in general agreement with the results obtained by 
Wharton and Wharton (1959), with Periplaneta 
americana. In the experiments on adult Tri- 
bolium castaneum the effects of withholding food 
before irradiation were statistically undetectable. 
This result was, no doubt, due to the fact that 
food was withheld for only 16 hours prior to 
exposure. The effects of preirradiation starva- 
tion would undoubtedly be proportional to the 
length of time food was withheld before the dose 
of radiation was administered. Moreover, it is 
clear that the magnitude of the interaction will 
be largely due to the nature of the basic physiology 
fo the test insect; for instance, starvation for only 
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12 hours prior to exposure brought about 90% 
mortality of D. melanogaster within 1 day fol- 
lowing the administration of 60,000 r of X-rays 
(King and Wilson 1955). Most of the unstarved 
flies survived at least a week after irradiation. 
The results of the experiments show that the 
longevity of 7. castaneum decreases in response 
to an increase in the dose of radiation within the 
range of doses used. The range of doses used 
here did not include the equivalents of the X-ray 
doses used by Cork (1957), and by Park et al. 
(1958) nor, probably, of the doses used by Davey 


Postirradiation Feeding Activity of Tribolium castaneum 


111,000 
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(1917). Thus, no direct comparison of the 
present work with that of the above authors is 
possible. Likewise, no final conclusions can be 
drawn on the differences between either starved 
B. hebetor (Grosch 1956) or starved Habrobracon 
(Sullivan and Grosch 1953), both of which exhibit 
an increase in life span when properly irradiated, 
and 7. castaneum which did not show this response 
to the range of doses employed. While the dif- 
ferences are probably due to innate dissimilarities 
in the physiologies of these insects, no adequate 
physiological basis for comparison has thus far 
been established. 

Tribolium castaneum exhibits at least two dis- 
tinct modes of response to irradiation with high- 
speed electrons. The first mode is characterized 
by a threshold of response in the region of 29,900 
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Rate of incorporation of P® by irradiated adult Tribolium castaneum 


rads or less, and by a considerable delay in death 
time. The second mode is typified by a response 
threshold between 116,000 and 241,000 rads and 
by a more rapid rate of mortality. The occur- 
rence of these thresholds is implied by the plateau 
in the curve of Tso vs. radiation dose (figure 1) 
These plateaus appear to correspond to similiar 
plateaus observed in the curves showing the 
relationship between radiation dose and time of 
mortality in mice (Quastler 1945; Bonet-Maury 
and Patti 1950, 1953; Rajewsky 1955; Luchnik 
1957) and in swine (Tullis et al. 1954). The first 
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mode of response by 7. castaneum probably occurs 
as the result of interference by the radiation with 
a single organ or physiological system or small 
group of related organs or systems. The second 
mode of response could be due to general cellular 
or subcellular damage occurring throughout all 
organs and tissues as a result of massive doses of 
radiation. 

The paralysis which was observed in T. 
castaneum resembles, in many ways, the convul- 
sive symptoms observed in mice after exposure 
to massive doses of radiation (Quastler 1945; 
Bonet-Maury and Patti 1950; Rajewsky 1955). 
In insects, as well as in mice (Rajewsky 1955), 
the symptoms displayed after such doses of radia- 
tion suggest a major involvement of the nervous 
system. However, the data are at present too 
scanty to permit a decision as to whether in 
insects this paralysis in itself constitutes a distinct 
and separate mode of response to radiation. 

Neither the changes which occur in the feeding 
activity of the insects, nor the similarity of the 
response plateaus in the curves of radiation dose 
vs. P® uptake and radiation dose vs. Tso, are taken 
as evidence that starvation is a cause of radiation 
death in insects. Insects suffering the effects of 
lethal doses of radiation are still sensitive to 
changes in the availability of food. They con- 
sume food after exposure to such doses of radia- 
tion and do so, for a considerable period, at a rate 
which is at least equal to that of the controls 
King and Wilson (1955) have shown that the rate 
of absorption of P*® by irradiated D. melanogaster 
was normal until the advent of the late stages of 
the radiation syndrome. Finally, all 7. castaneum 
exposed to 241,000 rads, or more, of high-speed 
electrons died in significantly less time than that 
required for starvation per se. 

It appears likely that if changes in the insects’ 
feeding activity are truly associated with mor- 
tality, they are both sequelae of a more funda- 
mental change in the physiology of the irradiated 
insect. The occurrence of interactions between 
the nutritive state of an insect and the radiation 
syndrome has been demonstrated. However, 
the association or interaction of two such phenom- 
ena cannot be interpreted as proof of a cause-and- 
effect relationship. Far more detailed studies on 
the physiology of irradiated insects will be nec- 
essary before such a causal association can be 
established. 
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EFFECT OF LIGHT ON THE TEMPERATURE PREFERENDUM OF LARVAE OF 
THE MEXICAN BEAN BEETLE, EPILACHNA VARIVESTIS' 


EDWIN W. 


KING? anp ROBERT C. 


RILEY? 


ABSTRACT 


Second-instar larvae were allowed to find their 
preferred temperature on a circular thermal gradient 
disc, under conditions of 40-foot-candle and of 1-foot- 
candle illumination. Tests in dim light were made with 
1,633 insects, in bright light with 1,052, and each indi- 
vidual was used once only. In dim light the preferred 
temperature was between 70° and 75° F.; in bright light 
the preference was less pronounced, and between 90° and 
100°. Differences in pretreatment or in the evaporation 
rate during tests (the only other experimental variables) 


Deal (1941) defined the optimum temperature 
of an insect as the temperature at which the 
greatest number of insects are reproduced in a 
given period of time, and the temperature pref- 
erendum as the temperature to which an insect 
moves if given its choice in a temperature gradi- 
ent. These definitions, of course, may be ex- 
tended to environmental factors other than 
temperature. Considerable evidence (Sweetman 
1932, Marcovitch and Stanley 1930, Miller 1930, 
and others) has accumulated regarding the 
optimum conditions of the physical environment 
of the Mexican bean beetle in all its stages of 
development. Much less information is available 
regarding the preferenda of this insect for the 
various environmental factors, and the behavior 
resulting from possible interactions among them. 
There’ is a distinct possibility that for a given 
factor, such as temperature, the preferendum and 
the optimum may differ; and a further possibility 
that one preferendum may be changed with the 
variation of other factors. The data presented 
here may serve to illustrate such a behavior 
pattern 


APPARATUS AND METHODS 

The concentric thermal gradient disc and 
chamber originally described by Wellington (1948) 
was modified in the following particulars: (1) 
The peripheral conduit of the circular brass disc 
carried hot water rather than cold; (2) a second 
conduit under the center of the disc carried cold 
water; (3) a piece of white broadcloth was used to 
cover the surface of the disc and held in place by 
the pressure of an iron ring inside the wall of the 
peripheral water conduit. The whole gradient 
was enclosed in a plywood box with a circular 
plexiglass cover provided with ports which could 
be opened for the introduction of instruments or 
insects. Two separate circulating water systems 
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appeared to have no bearing on the shift of temperature 
preference, and a statistical test indicated little likeli- 
hood of correctly attributing the observed result to a 
sampling error. Two possible conclusions are suggested: 
(1) the temperature preferendum for this insect in this 
stage may be altered by light conditions and therefore 
is not completely related to, or identical with, the 
temperature optimum, or (2) the temperature optimum 
may be changed with changing light. 


were used. The hot-water temperature’ was 120° 
at the inlet and 117° when it left the disc. The 
cold-water temperatures* were 40.5° and 41° at 
inlet and outlet, respectively. The temperature 
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in a temperature gradient under bright- 
conditions 


Distribution of Mexican bean beetle larvae 
and dim-light 


gradient thus produced on the disc ranged from 
60° a few inches from the center to 110° a few 
inches inside the edge. The surface of the cloth 
was calibrated with a thermocouple on quadrant 


‘Unless otherwise stated, all temperatures are on the 
Fahrenheit scale 
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lines, and the roughly concentric isothermal lines 
drawn. During the course of the work the cali- 
bration of the surface was frequently rechecked, 
and the maximum deviation of any point was 
less than 2.0°. Inasmuch as bean beetle larvae 
respond to a range of at least 5°, this accuracy 
was considered adequate. 

All treatments reported here were made in a 
controlled temperature-humidity room, whose 
temperature was maintained at 75°-77° and whose 
relative humidity was held between 58% and 
66%. Under these conditions, with the cover 
of the gradient chamber removed, the evapora- 
tion rate of water above the 75° isotherm was 
0.27 cu. mm./min. in a capillary tube. This 
condition of evaporation rate is here termed a 
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‘“‘dry temperature gradient.’’ With the exception 
of 19 runs, all tests were made in this dry gradient. 
‘Moist temperature gradient,’’ used in 15 dim- 
light and 4 bright-light runs, was obtained with 
the cover on the chamber, the room relative 
humidity at 90% to 95%, and the evaporation 
rate at the 75° isotherm 0.21 cu. mm./min. 

Light was provided by either three 15-watt 
daylight fluorescent tubes 4 feet above the disc, 
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or one 15-watt tube below the disc. The first 
produced a “bright”’ light of 40 foot-candles, the 
latter a “‘dim”’ light of 1 foot-candle, on the sur- 
face of the disc. These light intensities were 
checked with a commercial photometer. 

Since previous experience had demonstrated 
that second-instar bean beetle larvae were more 
consistent in their behavior on the disc than other 
stages, the present work utilized only this instar 
Insects were reared under greenhouse conditions, 
and before use were conditioned by a pretreat- 
ment of several hours in darkness at either 50%, 
75%, or 100% relative humidity. Individuals 
were used only once. Larvae were liberated on 
the disc at random, in groups of approximately 
50, and allowed to walk at will for 1 hour. Counts 
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were made every 15 minutes of the number in each 
isothermal area. The four readings thus obtained 
for each isotherm were summed and divided by 
four to provide the raw data of the following 
tables and graphs. A total of 1,633 insects made 
up the dim-light curve; 1,052 the bright-light one 


RESULTS AND DISCUSSION 


The summation curves of the temperature 
preference for all insects handled in dim light vs 
all those treated in bright light, regardless of the 
variables represented by differences in pretreat- 
ment or the evaporation rate, are presented in 
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Effect of Light on Epilachna varivestis 


Effect of bright and dim light on Mexican bean beetle larvae in a temperature gradient. 
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figure 1 and the data on which these curves are 
appear in table 1. The dim-light curve 
shows a pronounced mode in the 70°-75° iso- 
therm. This agrees well with the 77° optimum 
reported by Marcovitch and Stanley (1930) and 
the 22° C. optimum found by Sweetman (1932). 
The slight rise at the 100°-105° isotherm is almost 
certainly attributable to the fact that larvae 
wandered into this hot area and could not escape. 
Similar data were presented by Marcovitch and 
Stanley (1930) who reported the death of ‘‘small”’ 
larvae in 7.5 minutes at 106°. The point is of 
some importance in considering the bright-light 
curve. From data recorded in the 15-minute- 
interval readings it appears possible for a second- 
instar bean beetle larva to leave any of the warmer 
isotherm areas after it has entered it and remained 

ig enough to be counted. Though it is very 
probable that at least some of the beetles in the 
90°-100° mode of the bright-light curve were 
killed by the temperature, it seems significant that 
there is no mode, even a spurious one, at these 
points in the dim-light curve. Under bright-light 
conditions the mode is much less pronounced and 
occurs between 90° and 100°. It appears that 
under the influence of more intense light the 
temperature preferendum of these larvae has 
shifted from 70°-75° to less well-defined 
region between 90° and 100°. 

If this is indeed the case, it leads to either one 
of two conclusions: (1) the preferred temperature 
is independent of the optimum temperature for 
these insects, or (2) the optimum temperature 
may be changed by a change in lighting. By 
common consensus, the optimum is that tem- 
perature at which there is the highest survival 
and/or the greatest reproduction, and the in- 
ference has been made that in general the opti- 
mum temperature may vary somewhat under 
different humidity conditions but is otherwise 
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rather constant. There is no reason to assume, 
a priori, that the temperature preferendum and 
the temperature optimum are the same, and some 
reason to expect that the physiological processes 
which lead to long life and high reproduction are 
independent of light. Experimental evidence on 
this point is lacking, but it appears that the first 
alternative above may be nearer the truth than 
the second. 
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EFFECT OF VARIABLES 

Evaporation Rate in Gradient Chamber.—Men- 
tion has been made of a series of tests in which a 
moist gradient was used. Two comparable 
curves are shown in figure 2. The moist-gradient 
tests were made with a pretreatment of 75% 
relative humidity and dim light in 15 runs involv- 
ing 752 beetles. Available for comparison are 12 
runs made in the dry gradient but otherwise under 
the same test and pretreatment conditions, using 
585 beetles. The curves show some differences, 
but not with respect to the point in question 
here: the preferred temperature isotherm is the 
same in either a moist or dry gradient. 
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Bright light. 


Another pair of curves illustrating this com- 
parison are shown in figure 3. Compared here 
are two bright-light curves of four runs each, 75% 
R.H. pretreatment. The curves represent 202 
beetles each. Under bright-light conditions the 
modes do not correspond, yet both are decidedly 
in a higher isotherm than those of figure 2. It is 
of interest to note that in both figure 2 and figure 


lVol. 53 


3 the curve of the moist gradient shows a dispro- 
portionately sharper, higher peak. 

Pretreatments.—The two groups of insects com- 
pared in figure 1 each received three different 
pretreatment processes. In the dim-light group, 
100 specimens in two runs were pretreated at 50% 
R.H.; 1,337 specimens in 27 runs were subjected 
to 75% R.H. pretreatment; and 196 beetles in 4 
runs were pretreated at 100% R.H. In the 
bright-light group, the 50% R.H. pretreatments 
was represented by 3 runs and 150 specimens; 
75% R.H. by 8 runs totaling 404 specimens; and 
10 runs of 498 specimens received a pretreatment 
at 100% R.H. The two sets of three curves each 
are shown in figures 4 and 5, respectively. 

All three dim-light curves (fig. 4) show a 
principal mode in the 70°-75° isotherm or in a 
lower isotherm. Of the bright-light curves, only 
that for the 100% R.H. pretreatment shows a 
mode comparable to any of the dim-light curves, 
and the mode of this curve at the 70°-75° iso- 
therm is considerably exceeded by the one at 
90°-100°. When the equivalent pretreatment 
curves are compared between figures 4 and 5, it 
seems clear (with the possible exception mentioned 
above) that the difference in temperature pref- 
erendum between bright and dim light can not be 
attributed to the differences in pretreatment 

Sampling.—The two experimental variables in 
this work have been discussed above and shown 
to have no bearing on the apparent shift of the 
preferendum as conditions of lighting changed 
There remains the possibility that the two sets 
of runs under consideration were, after all, merely 
chance variants of the same population. A ¢ 
test for the difference between the bright-light 
and the dim-light means shows a P<0.0001, thus 
indicating a very small probability that these 
two samples were randomly drawn from a single 
population which varied with respect to tem- 
perature preference. 

CONCLUSIONS 

The above data suggest that either (1) the 
temperature preferendum of the second-instar 
Mexican bean beetle larva is not a physiological 
constant associated with the optimum, but is 
capable of being changed under different lighting 
conditions, or (2) the temperature optimum may 
be changed by a change in lighting. The first 
of these alternatives seems the more probable 
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FURTHER STUDIES ON THE RELATIONSHIP BETWEEN PARENTAL AGE AND 
THE LIFE CYCLE OF THE MEALWORM, TENEBRIO MOLITOR' 


DANIEL LUDWIG anp CARL FIORE 


Department of Biology, Fordham University, New York 58 


ABSTRACT 


Eggs were collected at intervals of 2 weeks through- 
out the egg-laying period from beetles maintained at 
30°, 25° and 20° C. Eggs and larvae were maintained 
at the same temperature as was used for the parent 
beetles. Parental age had no effect on the duration 
of the egg stage or on the weights of the eggs or newly 
hatched larvae. At each temperature the percentage 
of eggs which hatched decreased with an increase in 
parental age, from approximately 90 for those laid during 
the first 2 months to about 50 for those laid 4 months 
after emergence. At each temperature, larvae from 
young parents grew at a slower rate than those from the 
same parents after they had aged 9 weeks. At 30° there 


Ludwig (1956) noted that the duration of the 
larval stage of the mealworm, Tenebrio molitor 
Linn., was shorter in offspring produced by old 
than in those produced by young beetles. This 
study was extended by Tracey (1958), who showed 
that larvae from old began a rapid increase in 
weight at an earlier age than those from young 
parents. She also found that at 25° C., the larval 
stage was shortened and the number of larval 
molts decreased with an increase in parental age. 
In her experiments, the durations of adult life at 
both 25° and 30° C. were also decreased with an 
increase in parental age. The present experi- 
ments were undertaken to determine at what 
parental age these effects become evident. In 
Tracey’s experiments, the insects were kept in 
humidifiers at a relative humidity of 75 percent. 
In the present work, they were kept outside the 
humidifier and the effects of direct water feeding, 
during a part of or during the entire larval stage, 
on the life cycle were determined. 


MATERIAL AND METHODS 
Newly emerged beetles were kept in chick- 
growing mash in specimen dishes at temperatures 


'These experiments were supported in part by Grant 
No. E-2276 trom the National Institute of Allergy and 
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for publication February 1, 1960. 


were no other effects of parental age, but at 25° and 20 
larvae from young parents required a significantly longer 
time to complete development and had more molts than 
those from the same parents after they had aged 1 
month or longer. At these temperatures, an increase in 
parental age resulted in a decrease in the duration of 
adult life. This effect was not evident until the parents 
had aged 9 weeks in Series A (water was added to the 
food after 6 weeks of larval life) and 6 weeks in Series 
B at 25° C. (water was added to the food throughout 
the larval period). In every case larvae from Series B 
grew at a faster rate and required less time for develop- 
ment than those of Series A. 


of 30°, 25°, 20° and 15°C. Moisture was supplied 
by covering the cultures with damp cloths which 
were moistened several times a week. After 
several days, the beetles were transferred to other 
specimen dishes containing white flour and kept 
at the same temperatures as the cultures from 
which they were taken. A bottle of water, 
plugged with moist cotton, was placed in each 
dish. Eggs were collected daily by sifting the 
flour. When a sufficient number of eggs had 
been obtained, the beetles were returned to the 
chick-growing mash. After 2 weeks, at each 
temperature, the beetles were again placed in 
flour and eggs collected. This process was 
repeated at intervals of 2 weeks throughout the 
life of the culture. Hence, at each temperature, 
eggs were collected at intervals of 2 weeks from 
the same parents from the start until the end of the 
oviposition period. The age of the parent beetles 
was always calculated from the day of emergence. 

Groups of eggs obtained at each temperature 
and from each parental age were weighed. Eggs 
were placed in humidifiers over a saturated solu- 
tion of NaCl (relative humidity, 75 percent) and 
kept at the same temperature as was used for 
the parent beetles. In each group, determina- 
tions were made on the duration of the egg 
stage and on the percentage of eggs which 
hatched. 
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Newly hatched larvae were placed individually 
in 4-dram vials with a small amount of chick- 
growing mash. They were maintained at the 
same temperature at which the eggs were laid and 
hatched. In one series of experiments (Series A), 
to avoid drowning the very small larvae by the 
addition of water directly to the food, the vials 
with larvae were placed in containers in which 
dishes of water were kept to maintain a high 
humidity. They were kept under these condi- 
tions for approximately 6 weeks, and then water 
was added directly to the food in the vials. In 
another series of experiments (Series B) water was 
added directly to the food in the vials containing 
newly hatched larvae. It was found that the 
addition of a larger amount of food (sufficient to 
cover the bottom of the vial) prevented drowning 
The larvae were examined daily to determine 
whether they had molted, to remove the exuviae, 


TABLE 1. 


Effects of parental age on the egg stage. 


Average 
Percent weight 
hatched mg. 


Duration of 


egg stage 
(day S) 


Age of 
parents No. of 
(weeks eggs 


1 to7 
9 to 12 
13 to 18 


1 to 12 
13 to 15 
17 to 21 


and to provide food and water as needed. In 
Series A after 6 weeks and in Series B from the 
time of hatching, a drop of water was added to 
each vial every second day at 30° and 25°, and 
approximately twice a week at 20°. Observa- 
tions were made on the duration of each stadium, 
the number of larval molts, and on the duration 
of the larval, pupal and adult life. 

The first 10 larvae obtained from each parental 
age group of Series A and B from each tempera- 
ture were weighed weekly for 30° and 25°, and 
every second week for 20°, and growth curves 
were constructed. In case any of these larvae 
died or its growth was definitely abnormal, the 
next larva in the series was used. 


OBSERVATIONS 
The experiment at 15° was soon discontinued, 
since very few eggs hatched and most of the 
survivors died in the second or third larval 
instars. 


As shown in table 1, parental age had no effect 
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on the duration of the egg stage. However, as 
parental age increased there was a decrease in 
the percentage of eggs which hatched. At each 
temperature, approximately 90 percent of the 
eggs laid by newly emerged beetles hatched 
When the parent beetles had aged from 3 to 5 
months, the percentage was considerably reduced, 
reaching a low value of approximately 50 in eggs 
laid by the oldest beetles. The duration of the 
egg stage was modified by temperature, the 
average values being 5.6, 8.6, 14.2 and 40.6 days 
at 30°, 25°, 20° and 15°, respectively. 

The duration of each stage of the life cycle and 
the number of larval molts from each parental 
age group at 30° are given in table 2. At this 
temperature parental age had no effect on the 
life cycle. However, the addition of water to 
the food of newly hatched larvae (Series B) 
resulted in a significant shortening of the larval 
stage and of the total life cycle and a significant 
reduction in the number of larval molts as com- 
pared with the values obtained for Series A 
For example, a comparison of the values for the 
duration of the larval period with their standard 
errors, for larvae obtained from 4-day parents of 
the two series shows that a difference of 7.2 
days would be significant. This figure divided 
by 3.6, the standard error of the difference (cal- 
culated from the standard errors given in table 
2) gives a “‘t”’ value of 2. The difference between 
the means listed in the table for the duration of 
larval life for this parental age group is 14, and 
hence it is highly significant. Correspondingly, 
differences in total life cycle of approximately 11 
days, and in the number of larval molts of 0.4, 
would be significant. 

Table 3 contains a summary of the effects of 
parental age at 25°. At this temperature, the 
duration of the larval period was significantly 
longer in offspring from young as compared with 
those from the same parents after they had aged 
1 month or longer. In both Series A and B, no 
decreases in the larval stage were noted before 
this period of aging had occurred and no differ- 
ences were obtained between offspring from 34- 
and 48-day parents. In Series A, highly sig- 
nificant differences were obtained when offspring 
from each of these parental age groups were 
compared with those of the same parents after 
they had aged 63 days. However in Series B, 
there was usually a decrease in the duration of 
the larval stage associated with an increase in 
parental age, but this decrease was not always 
significant, since for statistical significance a 
difference of approximately 4 days is required 
In Series A, the number of larval molts was 
reduced from 13.5 in offspring from young to 12.8 
in those from old parents; while in Series B, there 
was no such effect. In Series A, the duration 
of the adult stage and of the total life cycle were 
the same in the 6- to 48-day but significantly 
shorter in the 63-day parental age groups. In 
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TABLE 2. 


Age of 
parents 
(days) 


TABLE 3 


Age of 
parents 


days 


TABLE 4 


Age of 
parents 


days) 
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Effect of parental age on the life cycle at 30° C. 
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of larvae 


Started Pupated 
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Duration of 
larval stage 


of parental age on the life cy 


Duration of 
larval stage 


day 


181.8+1.71 
184.5+2.29 
175.9+1.53 
175.4+1.38 
171 6+1 76 


165.91 .17 
168.21 62 
162.3+2 06 
165 .0+2 02 
162.8+1.27 
173 .0+2.25 


No. of 


molts 


Series A 
16.7+0.14 


16.8+0.10 6 


Parental Age and Life Cycle of Mealworm 


Values are given with their standard errors. 


Duration of 
pupal stage 
days 


6 0+0.04 
1+0 05 


16.9+0.12 6 0+0 01 


17.1+0.11 
16. 9+0.11 


Series B 
16.2+0.11 
16.2+0 11] 
15.70.15 


No. of 


molts 


Series A 
13.5+0 
13.3+0 
13.1+0 
13.1+0 
12 8+0.09 
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O7 
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09 
09 
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Series B, it was shorter in the 52-day and was 
further reduced in the 66- and 80-day parental 
age groups as compared with offspring from young 
parents. At 25°, the durations of the larval stage, 
the adult stage, and of the total life cycle were 
significantly shorter in Series B than in Series A. 

The effects of parental age on the life cycle at 
20° are given in table 4. At this temperature 
these effects are similar to those described for 
25°, except that in Series B in the 84-day parental 
age group, there was a significant increase in the 
duration of the larval stage. However, in this 
group mortality was very high, 58.6 percent of 
the. larvae failing to pupate, whereas the usual 


Offspring from 
young parents ——— 


20° 
a—a 25° 
e—e 30° 
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total life cycle was shortest at 30°. Temperature 
also influenced the duration of the pupal stage, 
average values being 6.0, 9.0 and 13.4 days at 
30°, 25° and 20°, respectively. In these experi- 
ments, temperature affected the number of larval 
molts, the averages being 16.6, 12.9 and 12.4 at 
30°, 25° and 20°, respectively. 

A comparison of the larval growth rates of 
offspring from recently emerged beetles and of 
those from the oldest parental age groups of 
Series A is given in figure 1. At each tempera- 
ture, larvae from recently emerged parents grew 
at a slower rate than those from the same parents 
after they had aged 8 or 9 weeks. Comparable 


22 26 


Time in Weeks 


Fic. 1.—Effect of parental age 


larval mortality was approximately 10 percent 
Due to the reduction of adult life in this group 
(84.1 days) as compared with that in offspring 
from young parents (113.3 days), the total life 
cycle was significantly shortened. 

At both 20° and 30°, an increase in 
age resulted in an increase in larval mortality 

A comparison of the values given in tables 2, 
3 and 4 shows that 30° is above the optimum 
since the larval stage required a longer time than 
at 25° and the adults did not live as long as at 
25° or 20°. Asa result of the shorter adult stage, 


parental 


on the growth of mealworm larvae 


from Series A 


results were obtained for Series B, except that in 
each parental age group, growth was more rapid 
than in Series A. The figure shows that larvae 
at 20° did not get as heavy as those kept at 25° or 
30°. This observation was also made for larvae 
in Series B. However, the initial larval weight 
was the same regardless of the temperature at 
which the eggs developed and hatched 


DISCUSSION 


Richards and Kolderie (1957) found that 
parental age modified the embryonic development 
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of the milkweed bug, Oncopeltus fasciatus (Dall.) 
in several ways. The weights of the eggs in- 
creased from a low value in the first several 
batches to a maximum during the period of 
maximum production and then decreased irregu- 
larly during the remainder of the egg-laying 
period. Hatchability showed differences paral- 
leling the weight differences, rising at 25° C. from 
an initial 80 to values of 92 to 96 percent and then 
falling precipitously for eggs from old females. 
The rate of development was slower for the first 
and last parts of the egg-laying period. In the 
present work on the mealworm, no parental age 
differences were noted in the weights of the eggs 
or in the duration of the egg stage. However, 
the decrease in the hatchability of the eggs from 
old parents agrees with the work of the above 
authors and also with that of Jennings and 
Lynch (1928) for the rotifer, 2 roales sordida. 
In this species, the eggs produced by old females 
were more variable in form and had a lower 
viability than those from young females. Richards 
and Kolderie (1957) observed that in the milk- 
weed bug the loss of weight during embryonic 
development, as determined by the initial larval 
weight, was greater at 15° than at 17° and was 
least at 25° C. However, in the mealworm the 
initial larval weights were the same regardless of 
the temperature at which embryonic develop- 
ment occurred. 

Tracey (1958) reported a decrease in the dura- 
tion of the larval stage a reduction in the 
number of larval molts increase in 
parental age in T when she 
excluded individuals long larval 
stadium but not if all larvae were included 
Her work is therefore in agreement with that 
reported here, in this work, no —— were 
excluded and no comparable parental age effects 
were obtained at 30°C. She also foun . mop rease 
in the duration of adult life with an increase in 
parental age at this temperature, enie in the 
present work no reduction was obtained. How- 
ever, in her experiments the average adult life 
varied from 24 to 35 days, whereas in the present 
work, the adults at 30° C. survived approxi- 
mately 60 days. The shortening of the larval 
stage, the reduction in the number of molts and 
the en in growth rate associated with an 
increase in parental age at 25° C. are essentially 
the same as reported by Tracey. However, the 
duration of the larval period was found to be 
shorter and that of adult life much longer than 
in Tracey’s work. These differences and that 
obtained for adult life in these two experiments 
at 30° may be associated with the method of 
maintaining the insects, since she kept them in 
humidifiers at 75 percent relative humidity, 
whereas in the present work they were kept out- 
side the humidifier and water was added to the 
food. It seems likely that a deficiency of oxygen 
nd the water in the food larvae 


and 
with an 
molitor at 30° C 


with a very 


since 


absence of 
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kept in humidifiers may account for these dif- 
ferences in the life cycle. Tracey obtained a 
larval stage at 25° C. of 153.7 for offspring from 
young and 143.9 days for those from old parents. 
These larvae, kept in humidifiers, did not have 
water in their food except that absorbed from the 
air. Corresponding figures in the present experi- 
ment, 134.8 and 121.2 for Series A; 121.1 and 
116.6 days for Series B, indicate that water added 
directly to the food accelerates —— pment and 
shortens the larval stage. Comparable differences 
in the life cycle of the dark me x T. obscurus 
F., kept inside (at 75 percent relative humidity) 
and outside the humidifier (with direct water 
feeding) were reported by Fiore (1960). 
In the present experiments, no 

parental age were evident until offspring obtained 
from eggs laid at least 1 month (34 days) after 
emergence were used. However, since egg col- 
lections were made at intervals of 2 weeks, it is 
that the effects may appear a few days 

earlier. These observations may explain the 
results of Fraenkel and Leclercq (1956) who 
stated that the age of the parent had no effect on 
the response of the larvae of T. molitor to carnitine 
deficiency. The beetles they used varied from 
newly emerged to 1 month after emergence and 
hence could not be considered old according to 
the results of the present experiments. No effects 
of parental age on the duration of adult life were 
obtained until the parents had aged a minimum 
of 6 weeks in Series B and 9 weeks in Series A 
In Tracey’s experiments at 25° C., a parental- 
on the duration of adult life was also 

offspring from 9- and but not 
- and 9-week-old parents were 


+ 


effects of 


possible 


age effect 
obtained when 


when 1- and 5- or 5 
compared 

The increases in and larval mortality 
ciated with increasing parental age are in agree- 
ment with the observations of O’Brian (1960) who 
observed that in the vinegar fly, Drosophila 
melanogaster Meig., selection of offspring from 
old parents through nine successive generations 
resulted in a decrease in the period of viable egg 
production. In his experiments, viable egg pro- 
duction was interpreted to mean the production 
of eggs which developed into adult flies, and hence 
included not only mortality during embryonic 
development but also during the larval stage 

Fiore (1960) observed that in the dark meal- 
worm, 7. obscurus, offspring from old grew 
at a slower rate than those from young parents 
and did not attain the same maximal weight; 
whereas in the present work, in every experiment 
those from old grew more rapidly than those from 
young parents. Thus, there is a species difference 
in the effects of parental age on the rate of larval 
growth. 

Ludwig (1956) and Tracey 
the number of larval molts in the 
molitor, varied with temperature, 
being obtained et 25° than at 30°C 


egg asso- 


(1958) found that 
meaiworm, 7. 
fewer molts 
The present 
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experiments verify these results and indicate that 
a further reduction in the number of molts occurs 
at 20° C 
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ABSTRACT 


The action indicated is based upon a study of series 
of fourth-instar larvae, reared adults, the chromosome 
complements, and the type of Aedes hendersoni Cockerell 
Collected and reared specimens from Boulder, Colorado 
and central Texas have been examined, as well as museum 
specimens from other areas. This study has raised cer- 


In 1918, T. D. A. Cockerell described what he 
called a new variety of the mosquito Aedes tri- 
seriatus (Say), using the name Aedes triseriatus 
hendersoni. The description was based upon two 
female specimens that had been collected at Box 
Elder Creek, 19 miles west of Douglas, Wyoming 
The principal feature that was used to distinguish 
hendersoni from triseriatus was the presence in the 
former of larger areas of the thoracic dorsum 
covered by silvery scales. 

Cockerell stated in his original publication that 
Dyar did not believe that “racial” status was 
warranted for the Wyoming specimens. He also 
stated that specimens from Montana exhibited 
extensive silvery areas, whereas in from 
Maryland and Texas the areas were narrower; 
the extent of the silvery scales were even further 
reduced in specimens from Florida that were 


those 
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Health Service, and a project supported by The Uni 
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tain problems relative to this complex of mosquitoes, 
and for this reason, the descriptions have been based 
upon the insects from Boulder, Colorado; the populatior 
in that area is considered to be true hendersoni. The 
entral Texas population for the present has been desig 


nated as the Aedes hendersoni complex 


examined. One suggestion was that the extent 
of the silvery areas is correlated with humidity, 
and that they are more extensive in arid regions 

Essentially no new information relative to 
hendersoni has been published since the original 
description, and there has been little speculation 
as to its possible status. Dyar (1922 and 1928) 
synonymyzed hendersoni under triseriatus, and 
since that time, most workers have either accepted 
this synonymy or have listed the 
variety (e.g., Carpenter and LaCasse 1955; Knight 
and Marks 1952; Stone et al. 1959). Jenkins and 
Carpenter (1946) suggested that hendersoni might 
be an ecological variation of A. triseriatus, but 
they also stated that the validity of the variety 
could not be determined until more material 


became available for stud, 


name aS a 


THE PRESENT STUDY 

Some years ago (Breland 1949) it was noticed 
that in central Texas two types of larvae with 
the key features of Aedes triseriatus occur 1n 
populations. One type is light in the 
other is dark. This situation was confirmed by 
Wilkins (1954), and he, on the basis of limited 
material, suggested that differences other than 
color also exist between the two types of larvae 

Since the study by Wilkins, additional material 
from different localities has been collected Lar- 


color, 
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vae of both types have been isolated and series 
of reared adults have been studied. As will be 
noted more fully later, this study has raised cer- 
tain problems relative to this complex of mosqui- 
toes. We believe, however, that we now have 
sufficient evidence to restore the name, henderseni, 
and to raise this taxon to full specific rank. This 
conclusion is based upon the following: a study 
of series of larvae and reared adults from several 
areas in central Texas and from Boulder, Colo- 
rado; a comparison of reared adults with the 
type of hendersoni in the United States National 
Museum; possible differences in the chromosome 
complements of the two groups, and a discussion 
of the situation with Dr. Alan Stone of the 


United States National Museum. 


A 


Fic. 1.—Diagrams of scutal pattern 
Aedes hendersoni Cockerell, collected 5 
triseriatus (Say), collected at Austin, Texas 


Because of the problems mentioned, the de- 
scriptions that follow are based primarily upon 
specimens from Boulder, Colorado. There are 
certain variations between specimens from cen- 
tral Texas and those from Colorado, but addi- 
tional material from intermediate areas must be 
obtained before the significance of these varia- 
tions can be determined. The specimens from 
Boulder, Colorado were collected as larvae and 
pupae, some adults reared, and sent to the 
writer by Dr. John R. Hilliard. 

It is obvious from the descriptions that follow 
that hendersoni and triseriatus are most easily 
distinguished from each other in the larval stage 
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Hendersoni is more similar to (riseriatus than to 
other species, and for this reason, the differences 
between these two will be emphasized. 


Aedes (Finlaya) hendersoni Cockerell 
Aedes triseriatus var. hendersoni Cockerell, 1918, Jour 
Econ. Ent. 11: 199 Original description 
DESCRIPTION 
FEMALE: Similar to Aedes triseriatus (Say), 
but has a larger area of the scutum covered by 
white or silvery scales which are arranged in a 
different pattern (fig. 1). The narrow median 
stripe of white scales is sometimes complete. 
The type of Aedes hendersoni, designated as a 
lectotype by Stone and Knight (1956),"has this 


B 


osquitoes. A, 


Boulder, Colorado. B, Aedes 


northeast of 


median white stripe, although this feature was 
not mentioned by Cockerell in his original descrip- 
tion. Lateral areas of white scales on abdominal 
tergites often larger, and knee spots more promi- 
nent, in hendersoni than in triseriatus. 

MALE: Similar in coloration to female, but 
often with white areas on scutum and abdominal 
tergites more extensive. To date no constant 
differences have been found between the ter- 
manalia of hendersoni and triseriatus. 

Material examined: 11 males and 43 females 
reared from larvae and pupae. Three series with 

t collection dates. All series labeled as 


different 
follows: Boulder 5 NE, Colo., cottonwood tree 
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hole, J. R. Hilliard coll.; Aedes hendersoni 
Cockerell, Breland det. In addition, the series 
are labeled as follows, representing collection 
dates of larvae and pupae: one series 2 Aug. 
58; another series 8 Aug. ’58; another series 15 
Aug. ’58. 

LARVA: General color usually light to almost 
white in living specimens, as opposed to dark to 
black in triseriatus. An occasional dark specimen 
of hendersoni occurs, and color differences are 
sometimes not obvious on permanently mounted 
slides. In general, sclerotized areas are smaller 
in hendersoni than in f¢riseriatus, and certain 
sclerotized areas that occur in the latter are 
absent in hendersoni (see below). 

Head (Fig. 2): Hair 5 single, rarely double on 
one or both sides; hair 6, 2- to 5-branched, often 
varying on opposite sides. Other hairs as 
illustrated, with occasional variations in the 
number of branches. There are average dif- 
ferences in certain of the head hairs in hendersoni 
and ¢riseriatus, but these features are not good 
key characteristics since overlapping occurs 


( 


Fic. 2.—Head of larva of Aedes hendersoni Cockerell 
collected 5 miles northeast of Boulder, Colorado. 


Prothoracic Hairs: Hair 1 longer than 2 and 
3, 2- to 3-branched; hair 2 of medium length, 
single; hair 3 short, 3-branched. Bases of hairs 
not arising from sclerotized areas as in (riseriatus. 

Lateral Abdominal Hairs (6): Double or triple 
on segments I and II; double on segments III-VI. 

Abdominal Hairs, Segment III: Hair 1 usually 
3- to 4-branched, occasionally 2-branched; hair 2, 
usually single, occasionally double; hair 3 usually 
2- to 3-branched; hair 4 single; hair 5, 3-branched 
in most specimens. Most constant differences 
between Aendersoni and triseriatus occur in hairs 
2 and 3, although there is an occasional overlap. 
In triseriatus hair 2 is normally 2- to 3-branched 
and hair 3 is usually single. 

Terminal Segments (Fig. 3, A): Segment VIII: 
Comb scales from 8 to 12 in a single or partly 
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double row; individual comb scale gradually 
tapered, fringed with short spinules. Siphonal 
index about 2 to 3. Acus detached and usually 
some distance from base of siphon. One or more 
pecten teeth frequently basal to sclerotized por- 
tion of siphon. Siphonal hair usually 3-branched 
occasionally 2- to 4-branched. Pentad hairs 1 to 
5 as illustrated with some variation in number of 
branches of 1, 3 and 5. 

Segment IX: Saddle or dorsal plate relatively 
small, covering only about one-half of dorsal 
extent of segment, and usually extending ven- 
trally less than halfway down the sides. Lateral 
hair usually 2-branched, occasionally with 1 or 
3 branches. Lateral hair inserted at ventral 
posterior edge of plate, often not attached directly 
to plate, but in an unsclerotized notch. Ventral 
brush with one or two precratel tufts, usually 2- 
branched; remainder of hairs mostly 2-branched, 
with an occasional hair having 3 or 4 branches 
Dorsal brush a single long lower hair and a shorter 
multiple tuft on each side. Anal gills bluntly 
rounded at ends, about three times as long as 
saddle; often detached in preserved and mounted 
specimens. Upper and lower gills subequal in 
length. 

There are several features on the terminal 
segments by which hendersoni and triseriatus can 
be rather easily distinguished from each other 
(fig. 3). These include the relative length of the 
gills, the extent of the saddle and point of inser- 
tion of the siphonal hair, the comparatively sparce 
hairs of the ventral brush, and the detached acus 
in hendersoni 

Material examined: 43 fourth-instar larvae; 
three series with different collection dates. All 
series labeled: Boulder 5 NE, Colo.; cottonwood 
tree hole; J. R. Hilliard coll.; Aedes hendersoni 
Cockerell, Breland det. In addition, the series 
are labeled as follows representing different col- 
lection dates: one series 8 July ’58; another 
series 2 Aug. ’58; another series 15 Aug. ’5S 

Males, females, and fourth-instar larvae to be 
deposited in the United States National Museum 
Other specimens in the writer’s collection. 

CHROMOSOME COMPLEMENT: By using the so- 
called squash technique, and following steps simi- 
lar to those recently outlined (Breland 1959), it 
has been determined that the diploid chromosome 
complement of the A. hendersoni complex in the 
region of Austin, Texas is six; one pair of chromo- 
somes is smaller than the other two pairs (fig. 4). 

No obvious differences between the chromo- 
somes of triseriatus and hendersoni at metaphase 
have been discovered. However, certain dif- 
ferences that may be significant are visible at 
anaphase (fig. 5). It should be noted in hender- 
soni (fig. 5, A) that on both sides both members 
of the center homologous pair of larger chromo- 
somes have greatly unequal arms. In (/riseriatus 
(fig. 5, B) only one member of each larger pair 
shows comparable unequal arm lengths. Specu- 
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Fic. 3.—Terminal segments of mosquito larvae, lateral view. A, Aedes hendersoni Cockerell, collected 5 miles 


northeast of Boulder, Colorado. B, Aedes triseriatus (Say), collected at Austin, Texas 
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lation relative to the chromosome complements 

will be presented shortly. 

Pupa: Studies of a few incomplete pupal 
skins of A. hendersoni indicate that the pupae are 
similar to those of A. t¢triseriatus. However, 
sufficient material is not at hand to allow a de- 
tailed description or comparison between the 
two species. 

LARVAL KrY FraTtuREs: In a recent paper 
(Breland 1958) the writer published a key for the 
identification of mosquito larvae most likely to 
be found in tree holes in the eastern half of the 
United States. If one uses this key, larvae of 
the Aedes hendersoni complex will be carried to 
couplet 16, the couplet in which A. triseriatus is 
distinguished from A. soosophys. All larvae of 
the hendersoni complex seen by the writer can be 
identified by the use of the following modification 
of this key: 

16. Saddle of dorsal plate of ninth segment with a 
definite hole or depression near ventral margin; 
ventral margin of saddle often reaching to or 
below middle of segment 

Aedes zoosophus D. and K. 
Saddle of ninth segment without definite hole or 
depression; ventral margin of saddle often not 
reaching middle of segment 17 
Acus of siphon attached to sclerotized region of 
siphon; upper gills definitely longer than lower, 
and both pair usually shorter than ninth 
segment Aedes triseriatus (Say) 
Acus of siphon not attached to sclerotized region 
of siphon; both pair of gills about same length 
and much longer than ninth segment 
Aedes hendersoni complex 


Fic. 4.—Somatic chromosome complement of the 
Aedes hendersoni complex at metaphase in prepupal brain 
cells. Collected at Austin, Texas. Magnification ap- 
proximately 1600. 


There are still many unsolved problems relative 
to the identity and relationships of some of the 
tree-hole breeding Aedes that occur in the western 
parts of the United States. These problems were 
recently discussed by Belkin and McDonald 
(1957), who modified the keys of Carpenter and 
LaCasse (1955) to fit certain species they had 
recently studied. If one uses the key of Car- 
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penter and LaCasse for the identification of the 
larvae of A. hendersoni he will arrive at the 
section of the key modified by Belkin and 
McDonald. Adult A. hendersoni females will 
not run to the mod:fication of Belkin and 
McDonald, but they obviously cannot be iden- 
tified by the key. Thus for correct identification 
of larvae and adult females of A. hendersoni 
changes in the key and/or the modifications 
would be necessary. In view of the existing 
problems mentioned above, however, these 
changes do not seem justified at the present 
time 


ECOLOGY AND DISTRIBUTION 

Little is known of the ecology of Aedes hender- 
soni. The specimens received from Boulder, 
Colorado, were collected from a hole in a cotton- 
wood tree. No other species were in any of the 
collections of larvae or reared adults that were 
received. 

We have routinely collected tree-hole-breeding 
mosquitoes in the region of Austin, Texas for 
many years. During the past several years we 
have checked rather carefully the relative abun- 
dance of Aedes triseriatus and the Aedes hendersoni 
complex. During periods of regular rainfall, A 
triseriatus has been much more common in this 
area. During and following periods of drouth, 
however, the A. hendersoni complex has been 
more abundant. These incidental observations 
suggest that perhaps members of the A. hender- 
soni complex can compete with A. triseriatus most 
successfully during periods of drouth and in 
areas of comparatively slight rainfall. As might 
be expected, we have reared specimens of the A. 
hendersoni complex by flooding relatively dry 
material collected from tree holes. This complex 
in central Texas has been collected in assoviation 
with the following species: <A. (¢riseriatus, A. 
soosophus D. and K.,: Anopheles barbarbi Coq., 
and Toxorhynchites rutilus septentrionalis D. 
and k. 

Aedes triseriatus has been considered to be the 
most widely distributed species of tree-hole- 
breeding mosquito in the United States (Car- 
penter and LaCasse 1955). The writer believes 
that some of the past records have been based 
upon hendersoni rather than upon friseriatus. At 
the present state of our knowledge it is of course 
not possible to be very definite with respect to 
the distribution of the two, but the writer does 
have some general suggestions. It is believed 
that friseriatus in the United States is predomi- 
nately an eastern and southeastern species, 
whereas, hendersoni occurs in the more arid west. 
Specimens in the United States National Museum 
examined by the writer from Tennessee, Indiana, 
Ohio and Iowa are definitely (riseriatus; insects 
from Montana are henderson. 

In central Texas there is a broad area of over- 
lap between friseriatus and the member of the 
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hendersoni complex that occurs here. We have 
collected hendersoni from Austin, Lufkin, Conroe, 
Mason, San Antonio, and Kountze, Texas. We 
have also collected (¢riseriatus from this same 
general area, and as far west as Junction, Texas. 
It is not known how far west the range of tri- 
seriatus extends, since neither this species nor 
hendersoni has been collected in this area west of 
Junction. It is believed, however, that as one 
proceeds westward, /riseriatus is gradually re- 
placed by hendersoni. No triseriatus have occurred 


in the several collections of hendersoni received 
by the writer from Boulder, Colorado. 


DISCUSSION 

This study has raised certain problems relative 
to this complex of species that cannot be resolved 
at the present time. These problems exist 
because of certain differences between the speci- 
mens of hendersoni which we have from Boulder, 
Colorado, and specimens from central Texas. 
For this reason, we shall regard the specimens 
from Colorado as being true hendersoni, and for 
the present, refer to the central Texas material 
as the hendersoni complex. 


Fic. 5 
A, Aedes hendersoni complex. B, 
Magnification approximately x 1600 


Aedes 


Certain differences in the Colorado and Texas 
populations of the hendersoni complex occur in 
both adults and larvae. For example, the extent 
of the white areas on the mesonotum in adult 
specimens from central Texas is somewhat inter- 
mediate between the Colorado hendersoni and 
the central Texas (riseriatus. And, the attacli- 
ment of the lateral hair of the anal segment in the 
larvae of the two groups is somewhat different. 

On the basis of adult features alone, one might 
speculate that hendersoni and triseriatus are 
interbreeding in central Texas, and that sub- 
species rather than species are involved. The 
possibility of interbreeding, however, is not 
supported by larval features. The 
these two groups are similar in some respects, but 
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larvae of 
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there are several features by which the larvae 
of the hendersoni complex in central Texas can 
be distinguished from ¢riseriatus larvae (See Key). 
In most of these features we have found no over- 
lapping, a situation that should exist if the two 
were interbreeding in nature. We are convinced, 
therefore, that we are dealing with full species 
rather than with subspecies. At the present time 
we are inclined to regard the Colorado and central 
Texas populations as representing segments of a 
single variable species. Collections at inter- 
mediate points should contribute evidence for or 
against the idea. 

Our studies of the chromosomes of mosquitoes 
has not progressed sufficiently for us to make 
positive statements relative to the possible im- 
portance of the differences in the chromosomes of 
these two groups. Anaphase stages sufficiently 
well spread for study are very rare in preparations 
of larval brain squashes. In our studies of some 
20 species and hundreds of slides, figures com- 
parable to those reproduced have not been seen 
more than a very few times. It is recognized 
that the differences seen in the figures may be 
due to the fact that they probably represent 


Somatic chromosome complements of mosquito prepupae at anaphase in brain cells. 
triseriatus 


(Say). Both collected at Austin, Texas 


slightly different stages in mitosis. Our present 
opinion, however, is that the differences are 
significant, and that these differences in chromo- 
some complements should be regarded as added 
evidence that the two groups of mosquitoes are 
different. At any rate, we feel that this study 
has raised sufficient questions to give support to 
the suggestion of White (1957) that taxonomic 
studies should include basic cytologic information 
whenever possible. 

If one checks some of the most important pub- 
lications dealing with Aedes triseriatus, it will be 
seen that it is sometimes difficult to determine 
whether ¢riseriatus or hendersoni is being de- 
scribed; in some cases evidence indicates that 
descriptions have been based upon a mixed series 





606 


of the two species. The larva of ¢triseriatus was 
first figured and described in detail by Dyar (1903) 
from specimens obtained in New Jersey. Several 
features by which ¢riseriatus and hendersoni can 
be distinguished are not figured or described; 
both pairs of anal gills in the figure are relatively 
the same length, and about the same length as 
the anal segment. In view of the locality from 
which these specimens came and the relative 
shortness of the gills, it is believed that this 
description was based upon (riseriatus alone. 

In later publications, however, (Howard et al. 
1912-1917; Dyar 1928) the larva of A. triseriatus 
is described and figured with very long gills. 
The writer has seen an occasional friseriatus larva 
with long gills, but in all such cases, the upper 
gills are obviously longer than the lower gills. 
This situation is not indicated in the publications 
noted above. It may be, therefore, that these 
descriptions of the larvae were based upon 
specimens of both species. It seems probable, 
however, that later monographic publications 
such as those of Matheson (1944) and Carpenter 
and LaCasse (1955) based their descriptions upon 
true friseriatus, since no outstanding feature is 
mentioned that can be definitely ascribed to 
hendersoni alone. 
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ABSTRACT 


While total metabolism in this hemipteron decreases 
slightly over the whole period of postembryonic develop- 
ment, it shows a definite oscillation in the various 
nymphal stadia. A more or less pronounced increase in 
oxygen consumption in the first half-period of each 
stadium is followed by a decrease during the second, and 
a new increase, starting just before ecdysis, rises to a 
peak value immediately after the exuvia is shed. The 


There are many papers in the literature that 
deal with total metabolism during embryonic 
development and during metamorphosis of in- 


‘Sponsored by Raimon L. Beard. Accepted for 
publication February 4, 1960. An abstract of this paper 
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Development of Insects, in Prague. 


curve of oxygen consumption during the second half- 
period is like that of pupae of Holometabola, and possible 
reasons for this similarity are discussed. Physiological 
processes occurring during the course of a stadium are 
postulated as being similar in Pyrrhocoris nymphs and 
in larvae of certain holometabolous insects, with oxygen 
consumption directly related to intake, digestion, and 
assimilation of food. 


sects. A tendency for oxygen consumption to 
decrease during larval development has been 
found in several species (see Wigglesworth 1953), 
but data on respiration during this part of the 
life cycle are rather scarce. Information is still 
more scanty on the course of respiration during sin- 
gle intermolting periods. Most experiments along 
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this line on Holometabola were performed with 
Bombyx mori (L.) (Balzam 1933, Bialaszewicz 
1937, Yamafuji 1937, Hsueh and Tang 1944). 
According to these authors, increase in metabolism 
in the period of intense feeding (that is, approxi- 
mately in the first half of each larval instar) 
alternates with a decrease before the next shedding 
of the exuvia. Thus the intensity of respiration 
reaches a maximum at about the middle of each 
instar and a minimum before the molt. Similar 
relations have been found in Porthetria dispar 
(L.) (Balzam 1933) and in several species of 
sawflies (Slama 1959). 


mm? 0, /SPEC./HR. 


mG/SPEC. 


Oxygen Consumption During Development of Pyrrhocoris apterus 


607 


Quite different findings have been reported by 
authors who investigated heterometabolous in- 
sects. According to Edwards (1953), oxygen 
consumption by Oncopeltus fasciatus was maximal 
at the times of molting and decreased at the 
middle of each instar. Similar results were 
obtained with Rhodnius prolixus by Zwicky and 
Wigglesworth (1956), who compared the U-shaped 
course of oxygen consumption in the nymphal 
stages of Rhodnius with the U-shaped curve of 
respiration known for the pupal stage of Holo- 
metabola. 

When comparing these data, one might suppose 


SS ee 


Fic. 1. 


broken lines) in successive nymphal instars and in adult of Pyrrhocoris apterus 
Each value is an average of at least 20 measurements, on 20 to 200 specimens. 


female 


11 13 15 


Oxygen consumption (solid circles and solid lines) and increase in body weight (open circles and 


I-V, nymphal instars; i 9, adult 
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that the differences described are related to phy- 
logeny, since one type occurs in Bombyx, Porthe- 
tria, and sawflies (i.e., different orders of Holo- 
metabola) and the other type in Heteroptera 
(Heterometabola). In an attempt to shed some 
light upon this question, oxygen consumption by 
the bug Pyrrhccoris apterus (L.) was measured 
at daily intervals throughout postembryonic 
development and well into the adult stage. 
Special attention was given to the molting periods, 
at which times additional measurements were 
made. 


MATERIALS AND METHODS 

Approximately 1,000 specimens of Pyrrhoccris 
apterus were investigated. These were main- 
tained on a diet of lime seeds, at 25° C., and with 
a long-day photoperiod to prevent diapause. 
Oxygen consumption was measured with Warburg 
manometers, using the conventional technique. 
Respiratory vessels of about 10-ml. volume were 
employed with 10% KOH. 


” 
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' 
' 
' 
' 
i 
’ 
' 
' 
' 


Annals of the Entomological Society of 


[Vol. 53 


America 


RESULTS AND DiscussION 

The curves of oxygen consumption by Pyrrho- 
coris in the various instars and the curves of body 
weight were in agreement. This showed that 
there was a considerable correlation between 
intensity of metabolism and the consumption and 
utilization of food, accompanied by increase of 
living matter in the body. Oxygen consumption 
by a given individual, as well as body weight, 
increased more rapidly at the beginning of each 
instar (fig. 1). 

Figure 2 shows oxygen consumption per gram 
of body weight per hour throughout the entire 
postembryonic development of Pyrrhocoris ap- 
terus. The data presented here include the more 
detailed measurements made during each molting 
period to complement those made at regular, 
daily intervals as described above. 

In each instar an intensive, though brief, 
increase in oxygen consumption occurred immedi- 
ately after eclosion. This phenomenon, lasting 
only 2 to 4 hours, most probably is correlated 
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Fic. 2.—Oxygen consumption per hour per 
Pyrrhocoris apterus. \1-V, nymphal instars; 9°, 


For the first three nymphal instars, from 10 to 
20 individuals of the same age were measured 
together in a single vessel, whereas for the later 
instars only one specimen at a time was used. 
Daily investigations were always made at the 
same hour, so as to eliminate possible diurnal 
oscillations in oxygen consumption. Experi- 
mental individuals were held in small tubes made 
from black paper, closed at either end with fine 
nylon net. In such cages the bugs seemed to 
remain very quiet during the experiments, so 
that no effect of movement on the oxygen con- 
sumption could be registered. 

Special procedures were 
experiments with spayed females. 
described below 
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female. Arrows indicate 1ae 
with the darkening of the new cuticle and with a 
sudden decrease in body weight, both of which 
take place at a this time. The black pigment 
in the cuticle develops through oxidation that 
results from avail action of phenoloxidases, 
mainly tyrosinase (Sussman 1949). Increased 
activity of this enzyme during each molt was 
found in Bombyx mori by Wojtczak (1956), who 
noted that this system plays a special role during 
the molting cycle. 

Changes in the rate of oxygen consumption by 
Pyrrhocoris in the course of an entire intermolting 
period were found to be as follows: a more or less 
pronounced increase in the first part of each instar 
was followed by a decrease during the second part, 
then a new increase started just before the next 
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ecdysis and reached peak value just after it. In 
successive instars the rate of oxygen consumption 
thus made a series of oscillations, with a constant 
tendency to dimish (cf. fig. 2). 

On comparing the results obtained here with 
those found in other insects, a close resemblance 
can be seen between the pattern of respiratory 
metabolism of Pyrrhccoris and that of Bombyx, 
but not with that of the other Hemiptera, 
Oncopeltus and Rhodnius, where a _ U-shaped 
course of respiratory metabolism between suc- 
cessive molts was registered. Oxygen consump- 
tion in Pyrrhocoris does not follow a U-shaped 
curve during the instar as a whole, but such a 
course can be observed in the second part of each 
instar 

The similarity in oxygen consumption in 
Pyrrhocoris, Bombyx, Porthetria, and _ sawflies 
suggests that similar physiological processes take 
place in both holometabolous and heterometabo- 
lous insects. A close resemblance in histological 
processes in both groups during metamorphosis 
has already been noted by Wigglesworth (1953, 
p. 49). More recently, Novak (1956) reported a 
great similarity between the two groups in the 
qualitative morphogenetic changes occurring dur- 
ing development. 

In most insects, more intensive food consump- 
tion and growth of body size in the first half of 
each instar are accompanied by an increase in 
respiratory metabolism. This correlation between 
intensity of respiration and increase in body size 
has been observed in several species: in Bombyx 
mori (Hsueh and Tang 1944, Bialaszewicz 1937, 
Niemierko et al. 1956); in the sawfly Trichio- 
campus, where food consumption per gram of live 
weight follows the same curve during the whole 
larval development as does oxygen consumption 
(see Janda 1958, Slama 1959); and now in 
Pyrrhocoris (fig. 1). Comparison of the respira- 
tory metabolism of several sawfly species (Slama 
1959) showed that the more intensive was body 
growth, the higher was respiration. It follows 
that the effect of digestion and an increase of the 
living substance of the body play the most im- 
portant roles in influencing respiration. In 
Galleria mellonella, for example, Wojtczak (1952) 
found oxygen consumption of homogenates from 
the alimentary tract equalling, and sometimes 
even surpassing, that of homogenates from other 
parts of the larval body. 

Ditferent relations were reported by Zwicky 
and Wigglesworth (1956) in Rhodnius prolixus, 
where feeding takes place only once in each instar 
and where a U-shaped curve of oxygen consump- 
tion in intermolting periods can be observed. 
Curves of this sort in Rhodnius were thought 
related to processes of cellular growth (mainly 
in epidermal cells) rather than to digestion of 
accepted food. This is discordant,’ to some 
extent, with evidence given above, and for this 
reason additional experiments were conducted 
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with Pyrrhocoris, using adult females (obtained 
from Dr. V. Novak) that had been spayed very 
early in their last nymphal instar. Their oxygen 
consumption was measured after they had under- 
gone the final molt to the imago, so that only a 
few of the tissues—possible remnants of accessory 
reproductive glands—could have continued to 
grow during the experimental period. These 
individuals were starved for the first 7 days after 
the final molt, and thereafter an excess of food 
was provided for them. Their oxygen consump- 
tion dimished during the starvation period, but 
rose rapidly after food was supplied (fig. 3). 
Thus a U-shaped curve, very like that of Rhodnius, 
was obtained with the spayed Pyrrhocoris females. 


MM3 0» /SPEC/HR 
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Fic. 3.—Oxygen consumption of adult female Pyrrho- 
corts apterus, spayed as fifth-instar nymphs, starved for 
7 days after the imaginal molt and provided with food 
thereafter. For explanation see text 


The first part of each nymphal instar in 
Rhodnius, before food has been accepted and while 
oxygen consumption stands at a low level, might 
correspond physiologically to starvation, and the 
sharp increase in oxygen consumption that 
characterizes the second part can probably be 
explained as due to the influence of metabolizing 
the accepted food. Thus we might conclude that 
the U-shaped curves for oxygen consumption and 
for growth processes that have been described for 
Rhodnius are features resulting specifically from 
the feeding habits of this bloodsucking bug. 


Although the ecologies of Oncopeltus and 
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Pyrrhocoris are similar, marked differences in 
their oxygen consumption have been reported. 
The present results show an increase in the first 
part of each instar in Pyrrhecoris, while Edwards 
(1953) found a rather U-shaped course in On- 
copeltus. This difference can be'explained, how- 
ever, if we assume that Edwards (whose exper'- 
ments were not described in detail) made his 
determinations mainly in the period of peak value, 
in specimens that had just molted, and that his 
observations, not being continuous throughout 
the instar, did not define the course of oxygen 
consumption during its entire period. 

The facts presented above indicate that there 
is no reason to homologize the U-shaped curve of 
oxygen consumption found in pupae of Holo- 
metabola and the oxygen consumption in the 
larval (or nymphal) instar as a whole. Except 
for Rhodnius among the insects studied, intensive 
feeding and metabolizing of food in the first 
half-period of each instar causes physiological 
changes in oxidative metabolism that are specific 
for larvae (or nymphs) but which do not occur 
in pupae. 

On the other hand, several authors have called 
attention to the similarity between the processes 
occurring in metamorphosis and in larval molts 
(e.g., Balzam 1933, Bialaszewicz 1937, Krogh 
1914, Weinland 1905). But actual shedding of 
the exuvia is, comparatively, only one brief part 
of the whole molting process, which starts even 
before the middle of each instar, and thus does 
not characterize fully the relations found in pupae. 

If, then, any homology might be suggested 
along these lines, it is this: on the basis of total 
metabolism, the second part of each larval or 
nymphal instar is comparable with the pupal 
stage of Holometabola. Figure 2 shows a more 
or less deep, U-shaped curve in the second part 
of each instar in Pyrrhocoris. As regards oxygen 
consumption, the relations between the nymphal 
instars and the pupal stage might be better 
understood if we take into account that the pupal 
stage corresponds phylogenetically only to the 
second half of the last nymphal instar—the very 
stage of metamorphosis—of Heterometabola. 
(Novak 1959). This supposition is strengthened 
by the agreement between the morphogenesis 
and the physiology of this stage. 
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OBSERVATIONS ON THE SUBGENUS ARGAS (IXODOIDEA, ARGASIDAE, ARGAS) 


1. STUDY OF A. REFLEXUS REFLEXUS (FABRICIUS, 1794), 
THE EUROPEAN BIRD ARGASID' 


HARRY HOOGSTRAAL? anp GLEN M. KOHLS? 


ABSTRACT 


The reflexus group of the subgenus Argas consists of a 
number of forms more or less localized on each continent. 
Swallows and domestic pigeons appear to be the most 
common hosts. Certain other birds are also infested 
and mammals including man may be attacked. Satis- 
factory criteria for differentiation of species in this 
group have not been indicated in earlier descriptions and 
inadequate samples have previously been available for 


Certain wild and domestic birds, especially 
swallows and pigeons, on all continents of the 
world, are more or less frequently parasitized by 
ticks that superficially resemble Argas (Argas) r. 
reflexus of Europe. Systematic criteria in this 
group have been poorly defined and published 
morphological descriptions are too generalized for 
recognizing species differences. 

The writers’ collections and those of the 
British Museum (Natural History) now contain 
a sufficient variety and quantity of accurately 
annotated population samples to establish the 
existence of an Argas reflexus complex containing 
several poorly described or previously unrecog- 
nized species and subspecies with individual 


morphological, geographical, and biological char- 


acteristics. The most useful basic approach to 
unravelling these forms appears to be the critical 
redescription of A. r. reflexus (Fabricius, 1794), 
the type species of the genus and subgenus. 
This is the only form of the subgenus Argas 
known in western Europe (except for A. persicus 
in certain areas). 

Since the monographic study of Nuttall et al. 
(1908), A. reflexus has been the name generally 
accepted as correct for the argasid parasite of 
domestic pigeons and wild birds in Europe by all 
workers except those of the Schulze school, who 
used the name A. columbarum (Shaw 1793). 
Other workers consider A. columbarum to be a 
nomen nudum, an opinion with which we agree. 

For views on the synonymy of this species, see 
Nuttall et al. (1908), Cooley and Kohls (1944), 
and Hoogstraal (1956). Fabricius (1794) de- 
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comparative study. 

As a basis for further study of this subgenus, 
A. r. reflexus (Fabricius, 1794) of Europe, the type species 
of the genus and subgenus, is redescribed and a neotype 
is designated. Former definitive criteria for A. reflexus 
were extremely hazy. This European bird argasid may 
occasionally be introduced into northern Africa and 
may interbreed there with A. r. hermanni Audouin, 1827. 


scribed A. reflexus from Italian material. These 
specimens are now lost, and a neotype from an 
Italian population is therefore selected to repre- 
sent A. reflexus (see Neotype below). With 
respect to the taxonomic history and biology of 
this species in Italy, Starkoff’s (1958, pp. 56-58) 
extensive review of the literature and biology of 
this species is especially useful. The following 
descriptions for adults and nymphs are based on 
the same Italian lot from which the neotype was 
chosen, and for larvae on reared material from 
Paris, France, and Belgium. Comparative mater- 
ial, from England, France, Belgium, Germany, 
Switzerland, and Spain (see Material Examined 
below), conforms to that of the Italian population 
sample. Accomprnying illustrations 1 to 16 
were prepared from material from several Euro- 
pean localities over a period of years as suitable 
specimens became available. 


Argas (Argas) r. reflexus 
The European Bird Argasid 
Figures 1 to 16) 
REDESCRIPTION 

Female (figs. 1-6).—Measures from 5.82 mm. 
to 11.18 mm. in length and from 4.65 mm. to 7.37 
mm. in width; the neotype, an average specimen, 
measures 9.46 mm. in length and 6.02 mm. in 
width. Body (unengorged) thin and flat, con- 
cealing capitulum and base of femora; outline 
oval, posterior margin more bluntly rounded than 
anterior margin, widest at level of anus, lateral 
margins thence gradually converging anteriorly. 
Shape becoming podlike at end of large blood 
meal. Lateral flange may remain flat or slightly 
angular after small blood meal, often upturned in 
dry specimens. Color of alcohol-preserved spe- 
cimens reddish brown with paler legs when un- 
engorged and well preserved; black when engorged 
or poorly preserved. 

Dorsal integument posteriorly (fig. 3) with 
elevations consisting of undulating, smooth- 
topped ridges formed by connected mammillae, 
in irregular rows among discs, these ridges inter- 
spersed by a small number of irregularly situated, 
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individual mammillae that may be pointed or 
flat. (For differences in appearance, see Variation 
below). <Anteriorly on body, elevations are 
smoother, more elongately ridgelike, and form a 
definite convergent pattern among discs; sub- 
peripheral elevations larger and more irregular 
than posterior elevations. Setae inconspicuous, 
fine, pale; scattered widely and irregularly among 
integumental elevations and among lateral stri- 
ations. Discs large and distinct, arranged in 
clearly radiating rows (fig. 1). Lateral integument 
striated by mostly fairly regular and parallel 
grooves dorsally and ventrally (figs. 1-4) and 
divided by a continuous, uninterrupted suture 
encircling entire body (fig. 4). Ventral integument 
(fig. 2) quite similar to that of dorsal surface; 
elevations more regular and form a pattern of 
transverse ridges in intercoxal area; mamumillae 
larger anterior of camerostome and between 
supracoxal fold and peripheral flange; discs 
arranged radially as illustrated. Hood absent. 

Capitulum (fig. 5) moderate 1n size; situated in 
a deep camerostome extending from level of 
anterior margins of coxa I approximately to 
enterior sixth of body length. Basis capituli 
ventrally rectangular; approximately three-fourths 
as long as wide; bearing three small basolateral 
setae and six or seven small lateral setae; a pair 
of very small postpalpal bristles arising just 
posterior to the inner margin of each palpal base; 
a pair of long posthypostomal bristles arising 
level with and in close proximity to each palpal 
base and extending approximately to midlength 
of palpal segment 2. Hypostome approximately 
2.5 times as long (from level of basal denticles to 
apex) as wide; lateral] margins parallel or slightly 
diverging; apex gradually rounded (sometimes 
slightly indented), bearing a corona of approxi- 
mately 4 irregular rows of very small hooklets; 
dentition of shaft divided into an apical half of 
2/2 long, narrow, sharply pointed denticles in 
three or four rows and a basal half of 3/3 to 5/5 
small, elongate hooklets in 7 to 11 rows. Palpi 
extending beyond hypostome by length of seg- 
ment 4; segments subglobose, gradually decreasing 
in length from 1 to 3, segments 3 and 4 subequal 
in length; segment 1 with a single ventral seta, 
segments 2 and 3 each with two ventral setae, 
segment 4 with three ventral setae. 

Eyes absent. Spiracular plates small, situated 
laterad of coxa IV. Genital aperture forms a 
transverse slit at level of base of coxae I. Anus 
elliptical, situated at level of apex of trochanter 
IV: approximately 10 fine setae arising from each 
valve. Ventral ‘“‘paired organ’? absent. Coxal 
and supracoxal folds present. 

Legs moderately long and stout, arising from 
anterior half of body, apex of coxa IV at mid- 
length of body (see Variatien below); I to III 
subequal in length, IV somewhat longer. Coxae 
II to IV contiguous, I and II separated by narrow 
integumental area. Tarsi (fig. 6) typically each 
with an elevated subapical protuberance; apical 


Annals of the Entomological Society of America 


[Vol. 53 


margin distinctly retrograde, forming an elevated, 
comparatively wide triangular process dorsally 
and a thumblike process ventrally. Tarsal setae 
visible from lateral view, on I to IV, typically as 
follows: apicodorsal 1, 1, 1, 1; subdorsal 4, 2, 3, 2; 
median 5, 3, 3, 3; apicoventral 5, 5, 5, 5; sub- 
ventral 6, 4, 4, 5. Claws subequal; II smallest; 
moderately long and curved apically; pads 
(pulvilli) obsolete. 

Male (figs. 7-9).—Similar to female except for 
slight secondary sexual characteristics. Measures 
from 5.55 mm. to 8.12 mm. in length and from 
3.66 mm. to 5.34 mm. in width; average specimens 
measure 7.90 mm. in length and 5.34 mm. in 
width. Genital apron subrectangular with round- 
ed marginal junctures as illustrated (fig. 8), or 
forming a semicircle. Hypostome usually slightly 
more blunt apically, slightly wider in relation to 
length, and with slightly smaller denticles than 
in female; corona much reduced or absent. 
Separate postpalpal bristles not apparent on 
basis capituli. 

NyMPH.—First instar, unengorged (figs. 10-14) 
measures approximately 3.0 mm. in length and 
2.0 mm. in width. Outline oval with broadly 
rounded posterior margin and slightly narrower 
anterior margin. Integumental characteristics 
similar to those of adults except that they are 
finer and setae are slightly more conspicuous in 
nymphs. Lateral striations as in adult; lateral 
suture becoming indefinite anteriorly and in some 
specimens, appears to be entirely obsolete anterior 
to mouthparts. 

Capitulum (figs. 12 and 13) quite large; situated 
in camerostome extending from level of midlength 
of coxae I to anterior flange of body. Basis 
capituli ventrally rectangular, bearing 2 pairs of 
short submedian bristles and a long pair of 
posthypostomal bristles which reach to apex of 
hypostome. Hypostome slightly over three times 
as long (from level of insertion of posthypostomal 
bristles to apex) as wide; lateral margins parallel, 
apex bluntly rounded and very slightly indented, 
bearing a small corona of indistinct hooklets; 
dentition of shaft divided into apical half of 2/2 
denticles, which are comparatively narrow and 
sharply pointed, in 4 or 5 rows (one or two very 
small submedian denticles may also be present), 
and a basal half of 3/3 small, wide hooklets in 4 
or 5 rows. Palpi extending beyond hypostome 
by length of segment 4, decreasing in width from 
basal to apical segment; segments 2 and 4 sub- 
equal in length, segment 1 shorter and 3 very 
short; segments 2 and 3 each with single ventro- 
lateral frayed seta, segment 4 with two lateral 
and a single ventral seta and a terminal tuft of 
approximately 5 setae. 

Legs. Tarsi lacking humps or subapical dorsal 
protuberances. Tarsal setae visible from lateral 
view, on I to IV, typically as follows: apicodorsal 
1, 1, 1, 1; subdorsal 3, 1. 1: smedian 2.2 2. 2: 
apicoventral 3, 3, 3, 3; subventral 3, 2, 3, 3 

Other characters essentially as in adults. 
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Argas (Argas) r. reflexus. Female, with completely digested blood meal, from Kent, England [British 
Museum (Natural History) collection]. Fic. 1.—Dorsal view. Fic. 2.—Ventral view. Fic. 3.—Integument, 
lower right quadrant of dorsal surface. Fic. 4.—Same, lateral view 
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Later instar nymphs destined to become females 
may exceed small females in size and have an 
integumental depression (but no aperture) in the 
genital area. The lateral suture of later instar 
nymphs is clear and continuous, as in adults, and 
tarsal humps and hypostomal dentition approxi- 
mate those of adults. 

LARVAE (unengorged, figs. 15 and 16). Body 
subcircular, measuring approximately 0.62 mm. 
in width and 0.81 mm. in length (excluding 
capitulum); may be circular, from 0.61 mm. to 


(figs. 5-6), same 
, from Belgium. 
Tarsi I-IV, 
FIG. 


Argas (Argas) r. reflexus. Female 
data as for figs. 1-4; and male (figs. 7-9) 
Fic. 5.—Capitulum, ventral view. Fic. 6. 
lateral view. Fic. 7.—Capitulum, ventral view. 
8.—Genital area. Fic. 9.—Tarsi I-IV, lateral view 


A longitudinal, narrowly 
present on dorsal 


0.84 mm. in diameter. 
rectangular squamous area 
integument. 

Setae of body and legs mostly with prominent 
fringes except on basal fourth of shaft (a few 
lightly fringed). Dorsal setae of body numbering 
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15 anterolateral pairs and 12 posterolateral pairs 
(total of 27 pairs of lateral setae), one pair 
bordering squamous area, and nine setae on each 
posterior quadrant. Ventral setae of body num- 
bering three pairs in intercoxal area, two setae on 
each coxa, one seta from each valve of anus, and 
three circumanal pairs. 

Capitulum. Basic capituli as illustrated, with 
two pairs of short bristles on ventral surface. 
Palpi with few setae, segments 2 to 4 each with 
one pair of ventral setae; segments | to 3 subequal 
in length, 4 slightly longer than others. Hypos- 
tome elongate, lateral margins subparallel, apex 
gradually to bluntly rounded and may be very 
slightly indented; corona slight, consisting of 3 or 
4 rows of very small hooklets. Denticles com- 
paratively large, elongate, and narrow; pointed 
apically ; dentition typically 2/2 in files of 10 to 12 
denticles extending full length of shaft, apical one 
or two rows smaller than those immediately basad 
of them and 3/3; denticles of rows 2 to 5 or 3 to 6 
largest, gradually decreasing in size towards base. 

Legs long and stout; pads (pulvilli) reduced; 
claws fairly long, setae as illustrated. 


EXAMINED 
VAMRU-3 collections: Over a hundred speci- 
mens of each stage reared from adults from 
domestic pigeon houses, Belgium, and approxi- 
mately an equal number from adults from 
domestic pigeon resting areas in Eglise Saint 
Sulpice, Paris, France (original adults presented 
by Prof. P. L. G. Benoit and Dr. P. C. Morel) 

Twenty-four nymphs, 130%’, 262 92 from 
domestic pigeons, Parma, Emilia, Italy, 11 May 
1959; presented by Prof. O. isa: iy Part of 
this material is deposited in the Rocky Mountain 
Laboratory collections and 1n ie United States 
National Museum (including neotype). 

One larva from nest of Little Owl (North 
African form), Athene noctua glaux (Savigny, 
1810), Karenis Greco-Roman ruins, Kom-O-Shim, 
Faiyum, Egypt, 28 December 1953, H. Hoog- 
straal (rearing lot 27). (This larva, others from 
the same area, and associated adults are mentioned 
below under Variation and in the Discussion). 

British Museum (Natural History) collections: 
From under a stone, King’s Chapel roof, Cam- 
bridge, England, 3-XII-1923, Dr. M. Perkins 
(1932.11.3.84-88). 2 9 dry but showing 
critical characters. 

From tail of a cat, not feeding, 
Kent, England. J. Clark, Sen. 
1954.8.5.1. One large 92, excellent 
(illustrated in the present paper). 

From Spain, Seidlitz legit., (21.5.22.60 
coll.). One large 9, excellent condition. 

From Rock Dove, Columba livia, Tancha (7), 
Leipzig, Germany, May 1910, C. Tutsche, 
12.6.21.1-2, N. C. Rothschild collection 1 9, 
1 nymph, both smaller than others above and 
both very greatly engorged. 

From Crag Martin, Ptyonoprogne 


MATERIAL 


Herne Bay, 
San. Insp., 
condition 


Kor h 


(Riparia) 
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Eas Pete 3 es 
Be ore 


Argas (Argas) r. reflexus. First-instar nymph, reared, unengorged, from Paris, France. Fic. 10.—Dorsal 
view. Fic. 11.—Ventral view. Fic. 12.—Capitulum, ventral view. Fic. 13.—Hypostome and palpus, ventral 
view. Fic. 14.—Tarsi I-IV, lateral view. 
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rupestris Scop., Castione, Switzerland, 17 April 
1944, W. Buttiker (C.I.E. 16390) 1 9, dry, legs 
broken. 

Rocky Mountain Laboratory collections: From 
Berlin, Germany, 1932 to 1952, four lots including 
three from the Schulze collection, numerous speci- 
mens. From Freiberg, Germany, one large 
nymph, Schulze collection. 

From Vienna, Austria, Votifkirche, 19 May 
1930, Schulze collection, 2 oc’, 1 9, 3 nymphs. 

From Barcelona, Spain, 15 July 1908, Schulze 
collection, . 2. 

For Hungarian and Russian specimens exam- 
ined, see ‘‘Variation”’ below. 

NrEotyPE.—Fabricius (1794, p. 426) described 
this species as follows: ‘‘Acarus reflexus: Acarus 
oculis depressus pallens; margine reflexo, disco 
obscuriore. Corpus medium, depressum, antice 


Argas (Argas) r. reflexus. 
Ventral view. 
enlarged. C, hypostome, ventral view, enlarged. 
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Larva, reared, unengorged, from Belgium. Fic. 15. 
A, enlarged postero-lateral bristles, to show variation in fringing. B, 
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angustius, pallens margine reflexo discoque in- 
aequaliter fuscescente. Habitat in Italia. Mus. 
Dom. Bosc.”’ 

The fourth word, oculis, in this description is 
believed to be a misprint for “ovalis.’’ According 
to Latreille (1796, p. 178), who saw the type 
specimen, it was in the collection of C» (Citizen) 
Bosc, who had received it from Tuscany. From 
the description, this specimen would appear to 
have been a dry one with an upturned margin 
and inconspicuous discs. Dr. O. Starkoff informs 
us (in conversation) that the Bosc collection is 
now lost and no type material of Argas reflexus 
appears to remain in existence. 

The neotype, which is deposited in the United 
States National Museum, is a female, kindly 
presented by Professor O. Starkoff, from Parma, 
Emilia, Italy, 11 May 1959 


Dorsal view. Fic. 16. 
palpus, ventral view, 
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VARIATION.—Examination of five nymphs, 
3 99, 2c’, from fowls, Budapest, Hungary, 
Prof. Dr. Ratz, VI-1914, Nuttall lot 2936 in 
BM(NH), reveals slight differences in chaetotaxy 
of the legs and basis capituli, which suggests 
that a species or subspecies differing from reflexus 
may be present in eastern Europe and the U.S.S.R. 
This material is not sufficiently extensive or well 
enough preserved to allow definite conclusions 
concerning its specific status. The Hoogstraal 
collection also contains 2 o'o’, 4 99, and 1 
nymph from “among stones, Berpak-Dala, 
Kazakhstan, Galuzo coll.” which appear possibly 
to differ from western European populations 
described above. An attempt is being made to 
secure more comparative series from eastern 
Europe, the Near and Middle East, and U.S.S.R. 
Maximum contrast of integumental elevations 
is observed when studying perfectly preserved, 
unengorged individuals. After a blood meal, the 
general impre ssion is of a much smoother integu- 
ment owing to pressure of areas between eleva- 
tions. In specimens preserved immediately after 
molting, the integumental protuberances appear 
to be only narrow, undulating, recurved ridges. 

In nymphs and adults of both A. r. reflexus 
and A. reflexus hermanni, the original proportions 
of body length and width vary after feeding. 
Modifications are especially noticeable in small 
individuals, which stretch both laterally and 
posteriorly ; larger ones stretch chiefly beyond the 
level of coxa IV. In fresh, unfed adults, the 
ratio of leg length to body length appears to be 
always as illustrated (fig. 2). However, in 
recently or earlier engorged adults, in which the 
color does not return to its bright original hue, 
the posterior or lateral margins may be so ex- 
panded that the legs appear to be abnormally 
short. 

The subapical dorsal protuberances of the tarsi 
of a few of the smaller specimens of A. r. reflexus 
examined are somewhat less elevated than usual 
and in a respect approach those of North 
African A. reflexus hermanni. The comparatively 
small size of the individuals in which these 
protuberances are reduced suggests that size and 
not interbreeding, is the cause of, or associated 
with, reduced tarsal protuberances. 

DiIsTRIBUTION.—A. r. reflexus occurs in the 
British Isles and western Europe. The sub- 
specific status of populations east of approxi- 
mately 15° L. is still moot. As noted above, 
typical material from Italy, France, Switzerland, 
Spain, Belgium, Germany, and England was 
examined during the present study, but other 
specimens from Hungary and U.S.S.R. appeared 
possibly to represent a different form. 

A single unengorged larva typical of A. r. 
reflexus was found in an owl nest in Egypt (see 
Material Examined above), in a habitat and 
locality frequented by the North African sub- 
species A. r. hermanni. We postulate that this 
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larva may probably have been the progeny of 
European A. r. reflexus introduced into Egypt by 
migrating birds and that the European and 
African forms might interbreed under these cir- 
cumstances. Continental Africa appears defi- 
nitely to be outside of the normal geographic 
range of A. r. reflexus. 


DISCUSSION 


Distinct, larval, nymphal, and adult morpho- 
logical criteria distinguish European reflexus 
populations from those of hermanni in Africa 
(Egypt, Kenya, and various localities in French 
West Africa). A study of A. r. hermanni, too 
lengthy to be combined with the present one, 1s 
being presented for publication in a subsequent 
issue of this journal. 

As stated above, a single typical larva of the 
European subspecies reflexus was found in an 
Egyptian bird nest. The several nymphs and 
adults, all small in size, taken from the nest 
together with this larva are characteristic of A. r 
hermanni except for hypostome dentition, which 
is rather more reduced than in either normal 
European or African forms. Numerous other 
bird nests in the same area and elsewhere in 
Egypt have consistently been found to be infested 
only by A. r. hermannt. 

In several collections of A. r. hermanni from 
Egyptian pigeon houses and wild-bird nests, a 
very few adult specimens tend to approach 
adults of A. r. reflexus in tarsal characters. 
Whether this is due to individual variation or to 
interbreeding of local populations with ticks 
dropped from migrating birds is impossible to 
judge at the present time. Crossing Egyptian 
hermanni with European reflexus is currently 
being attempted in NAMRU-3_ laboratories. 
The results will require a year or more to obtain. 
Consideration of reflexus and hermanni as related 
subspecies is based on the almost exclusively 
allopatric distribution of each form, the presence 
of a single larva of reflexus in Egypt with nearly 
typical hermanni nymphs and adults, and the 
presence of a few specimens with intermediate 
dental and tarsal characters on both continents. 

A survey of wild hosts of forms in the reflexus 
group throughout the world shows that swallows 
and martins are frequently attacked. We pos- 
tulate that this may be in part an ecological 
relationship between reflexus-group ticks and birds 
inhabiting cliffside burrows or mud nests. The 
only available reflexus specimen from a European 
wild bird is from a crag martin in Switzerland. 
More information on the nest fauna of these 
birds in Europe would be especially desirable. 
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RELATIVE AVAILABILITY OF VARIOUS PROTEINS TO THE HONEY BEE! 


L. N. STANDIFER,? W. F 


McCAUGHEY,? F. E 


TODD,? ano A. R. KEMMERER 


ABSTRAC1 


Newly emerged caged honey bees (A pis mellifera L.) 
were fed diets containing various percentages of the 
following proteins: egg albumin, skimmed-milk powder, 
sesame seed, soy flour, cottonseed, castor bean, soy-flour 
hydrolysate, soy alpha-protein, liver extract, Penicel, 
zein, lactalbumin, casein, brewer's yeast, and bee- 
gathered pollens. The protein source of the control diet 
was a bee-gathered mixture containing 40% of dandelion 
and 60% of unidentified pollens. De: elopment of the 
pharyngeal glands and longevity of the bees were criteria 
used for the evaluation of the test diets. In promoting 
pharyngeal gland development egg albumin was equal to 


The problem of sustaining brood-rearing activi- 
ties in honey bee (Apis mellifera L.) colonies 
during periods of pollen dearth has received con- 
siderable attention for several decades. Various 
workers have advanced formulas to fulfill this 
need, but none of them seem to be adequate as 
pollen substitutes. Soy flour, casein, dried skimm- 
ed milk, and brewer’s yeast, fed singly or com- 
bined in various ratios, have been suggested most 
frequently (Haydak 1933, 1937; Jordan 1957; 
Shemetkov 1957). 

The practical aspects of honey bee nutrition 
have been recognized for many years, although 
few of the specific dietary requirements have 
been determined. Significant contributions show- 
ing the chemical composition of pollens collected 
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Re- 


the control; mustard, almond, and cherry pollen diets 
at the 10% level and skimmed-milk powder, sesame seed 
meal, and soy flour were nearly as effective. There 
were no significant differences among the pollen diets at 
the 10% protein level in promoting gland development 
or longevity. Discrepancies in the lack of correlation 
between longevity and gland development data indicate 
differences in the protein requirements of young and old 
worker bees. A correlation was indicated between the 
degree of gland development in bees fed a particular 
protein and the availability to microorganisms of the 
amino acid in the protein 


by honey bees have been published by Svoboda 
(1940), Todd and Bretherick (1942), Vivino and 
Palmer (1944), Reiter (1947), Auclair and 
Jamieson (1948), Lunden (1954), Chauvin (1954) 
and Lubliner-Mianowska (1956). 

DeGroot (1953) has shown that bees require 
protein of a definite amino acid composition for 
synthesis of their body protein. He has 
shown that these are substantially the same 
amino acids as those essential in the nutrition of 
the chick. Several workers have considered 
longevity, development of the pharyngeal gland, 
ovaries, and fat body to be valid criteria for 
evaluating protein diets for honey bees confined 
in small cages (Soudek 1927, 1929; Kratky 1931: 
Currie 1932; Hejtmanek 1935; Peterka 1939; 
Lotmar 1939: Svoboda 1940: Maurizio 1946, 1950, 
1951, 1954; Woodrow 1941; DeGroot 1951, 1953). 

In 1957 an investigation was undertaken at 
Tucson, Arizona, to compare the nutritive value 
of bee-gathered pollen diets with that of various 
nonpollen diets containing proteins of animal or 
plant origin. The morphological development 
of the pharyngeal glands and length of life of 
newly emerged worker honey bees were used to 
evaluate these diets 


also 
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TEST DIETS 

The diets were varied as to source and amount 
of protein. To obtain the desired protein levels, 
the dietary components were mixed with Nulo- 
moline® or a saturated sucrose solution, which also 
served as a carbohydrate source. With the 
exception of the beebread and honey diets, all 
were about equal in carbohydrate and had the 
consistency of a thick paste. The mineral and 
vitamin-amino acid-sterol supplements are given 
below: 
mg./100g. 

144 

222 

44 

888 

999 


Minerals 


Tricalcium phosphate 
Sodium chloride 
Manganese sulfate 
Brewers’ yeast 
Irradiated yeast 
Total 1,820 
mg./100g. 
266 
266 
999 


222 
66 
per 
22 


Vitamins 


DL-—Methionine 
DL-Tryptophan 
Glycine 

Inositol 

L—Cystine 
Calcium pantothens 
Cholesterol 
Indoleacetic acid 
Rutin 
Ascorbi 
Niacin 
Riboflavin 
Pyridoxine 
Folic acid 


acid I 
54 
33 

0.20 

0.11 


1,143.28 


Total 


Nonnutritive cellulose was added to egg albumin 
diets tested in 1958 to keep the carbohydrate 
contents equal at all protein levels. All pollens 
{mustard (Brassica campestris), cherry (Prunus 
avium), almond (Prunus amygdalus), and P-6 
(unidentified)] were bee-collected. The crude 
protein was determined on removal from pollen 
traps. A bee-collected mixed pollen (40% dan- 
delion and 60% unidentified) served as the pro- 
tein source for the control diets. Powdered 
sucrose and Nulomoline were used to prepare the 
sucrose candy diet. 


GENERAL PROCEDURE 

Adult worker honey bees 1 to 24 hours old 
were used in all tests. They were obtained from 
combs of emerging brood. To prevent the emerg- 
ing bees from consuming pollen or honey in the 
brood comb, all areas of the comb containing 
these materials were covered with aluminum foil, 
wax, or both. These combs and the caged bees 
consuming the test diets were kept in an incu- 
bator maintained at 92°+2° F. and 25%-35% 
relative humidity. In each test 75 bees were 
placed in a cage 6x6x3 inches having black 

‘A commercial syrup containing 76% of 1: 1 dextrose- 


levulose, 24% of water, and traces of iron and copper. 
Nulomoline Company of California, Los Angeles 
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enameled screen on one side and two-section 
sliding glass panels on the other to permit han- 
dling the bees and the addition of food. Water was 
supplied through a hole in the top edge of the 
cage from an inverted screw-cap vial having 
l-inch holes in the cap. In 1957 diets were fed 
in l-ounce paper cups, but in 1958 wax blocks 
(2x2x1 inches) with wells 5¢ inch in diameter and 
34 inch deep were used. The wax-block feeders 
reduced the loss of water and subsequent harden- 
ing of the diets. Food and water were checked 
daily and replenished when necessary. Dead 
bees were counted and removed from the cages 
daily. 

All feeding tests were replicated three or more 
times with bees that emerged on different days. 
Feeding containers and cages were washed and 
sterilized between experiments. 





, 


w 


Contro! Pollen, 5% Prot 


10% Prot 
2.5% Prot 


Pollen 


Control! Pollen, 


N 


STAGE OF DEVELOPMENT 


——— Controi Pollen, 125% Prot 


- 


Control! Polien, 0 65% Prot 


Sucrose Candy 











Time (DAYS) 


Fic 1.—Pharyngeal gland development and retro- 
gression in honey bees fed pollen at various levels of 
protein—1957 studies. 


The standard errors of the mean pharyngeal 
gland development and longevity were obtained 
by an analysis of variance. The F-test was used 
to determine significant differences in the means. 
When differences within a test were found, the 
data were subjected to the multiple-range test 
(Duncan 1955). Since there were no significant 
differences among bees fed the 10% control diets 
in 1957, the results from any one of the 1957 
tests may be compared with any other. The 
results of the 1958 tests may be similarly treated. 
On the other hand, the results of the 1957 tests 
may not be compared with those of 1958 because 
of the significant differences between controls of 
the two years in both gland development and 
longevity. 


PHARYNGEAL GLAND DEVELOPMENT 
Samples of 10 or more bees from each replicate 
were removed at 7 and 21 days and dissected for 
determination of pharyngeal gland development. 
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In 1958 the second interval was shortened to 14 
days, since the 1957 experiments showed that 
after 21 days there was some retrogression of the 
glands. It was considered that a more accurate 
comparison of the diets was obtained at 14 days 
of growth. An arbitrary scale of 1 to 4 (Maurizio 
1954) was used for different degrees of gland 
development, | representing no development and 
4, complete development. Figures 1, 2, and 3 
show the difference in rates of gland development 
and retrogression in bees on the 7th, 14th, and 
21st days fed one diet at several protein levels 
and in those fed different diets at the same pro- 
tein level. 

The 1957 tests showed that the 5% control 
diet (23)° was as good as the 2.5% (22) or the 
10% (24) control diet, but diet 24 was signifi- 
cantly better than diet 22. During the first 7 
days the rate of gland development was higher 
in bees fed the 10% level of protein than in those 
fed either 2.5% or 5%. The glands of bees fed 
the lower levels of protein developed more 
slowly, but also retrogressed’ at a slower rate 
during the next 14-day period (fig. 1). No 


Fqq Albumin, 20% 


9g Albumin 


Egg Albumin, 5% Prot 


ontro! Pollen, 1O%Prot 


Egg Albumin, 10% Prot 


Egg Albumin, 25% Prot 


z 
z 
a 
° 
we 
> 
w 
a 
re 
° 
ws 
° 
< 
o 


Time (DAYS) 


albumin on pharyngeal 
1958 studies. 


Fic. 2.—Influence of egg 
gland development in honey bees 


significant difference between egg-albumin (11) 
and the control diet (24) was found when both 
were fed at the 10% protein level. Both these 
diets were better than the soy-flour diet (2), and 
all three were better than the lactalbumin diet 
(5). Bees fed sesame (19) had as good develop- 
ment as those on the control diet, and con- 
siderably better than bees fed lactalbumin (5), 
gluten (13), or zein (15). The 10% casein (17) 
produced better gland development than gluten 
(13), zein (15), or lactalbumin hydrolysate (9), 
whereas zein was no better than the lactalbumin 
(5), 0.62% control (20), or sucrose candy (51) 
diets. 

In the 1958 experiments (table 2), nonsupple- 


®‘Numbers in parentheses refer to diets listed in 
table 1 
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mented egg albumin was as good as the control 
and the other pollen diets fed at the same protein 
level. At the 10% protein level, almond (47), 
cherry (46), mustard (45), and the control (49) 
pollen diets were equal in stimulating gland 
development. Skimmed-milk powder (31), brew- 
er’s yeast (44), and sesame with 0.11% lysine (27) 
were the only protein sources, aside from egg 
albumin, that compared favorably with the con- 
trol. All other diets were about equal in promot- 
ing little or no gland development. 


LONGEVITY 

The length of life attained by bees fed the 
various diets is expressed as “‘half-life’’ (table 3), 
the number of days required for half the bees in the 
group to die. This method of assessing mortality 
is based on the assumption that a group of bees 
with a greater half-life will also have a greater 
proportion of bees alive at any subsequent 
period. However, these values cannot be used 
to predict the total number of days the rest of 
the population in the group will live. 

In 1957 the 2.5% (22) and 5% (23) control diets 


— 


J Sey MyGrotysete, 10% Prot 
~ Control Pollen, 10% Prot 


ae Shimmed Milk, 10% Prot 
4 


_— Soy aipne-Protein 
: 10% Prot 


STAGE OF DEVELOPMENT 


— Mixture of Protein 
Sources, 10% Prot 
Castor Beon, 10% Prot 
Sucrose Candy 


TIME (DAYS) 


Fic. 3 
gression in honey bees fed various proteins 


Pharyngeal gland development and retro- 
1958 studies 


promoted about equal longevity and _ were 
significantly better than any other diets tested 
The control diets at the 0.62%, 1.25%, and 10% 
protein levels (20, 21, 24) did not differ signifi- 
cantly. Bees fed beebread and honey (25) in 
combs lived almost as long as those on the 5% 
control (23). At the 10% protein level, casein 
(16), lactalbumin (4) and zein (15) diets were no 
better than the contro] (24). Zein (15), sesame 
(19), egg albumin (11), soy flour (2), and lac- 
talbumin hydrolysate (7) diets were about equal 
in promoting longevity. 

In 1958 bees fed egg albumin diet containing 
10% of protein (41) but no added vitamins or 
minerals showed the greatest longevity of any 
groups tested. The same diet fed at 5% protein 
(40) produced a half-life longevity about equal to 
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that of all the pollen diets (49, 47, 48, 45, 46), and 20% egg albumin (42, 43) diets promoted 
brewers’ yeast (44) and soy alpha-protein (33). approximately the same longevities. However, 
All of these were significantly better than the bees fed sucrose candy lived significantly longer 
sucrose candy (51). The sucrose candy, cherry than bees fed Penicel (35), soy hydrolysate (32), 
pollen (46), soy alpha-protein (33), zein (37), liver extract (34), castor bean 30), or skimmed- 
cottonseed meal (29), sesame (28), and the 15% milk powder (31). 


Table 1.—Composition of diets fed to honey bees. 


Constituents (%) 
| 
Diet | . i re 
,. | Protein source and crude protein (%) | 
No. 


Vitamin-amino 


‘ ; ; 
otein | Mineral : 
Prote sit acid-sterol 


Soy flour (52) é 0.58 
1.15 


Lactalbumin (93) 


Lactalbumin hydrolysate (93) 


DNOoOre Whe 


Egg albumin (98) 

Gluten (100)+lysine 0.22% 
+lysine 0.45% 

Zein+lysine 0.45% 


Casein (95) 


Sesame (43)+lysine 0.14% 


0 

1 

1. 
1. 
18 
18 
2 ¢ 
2 ¢ 


Control pollen (21) 


Beebread+honey 
Sesame (57) 
+lysine 0.11% 
+lysine 0.11% 
Cottonseed (43) 
Castor bean (32) 
Milk powder (36) 
Soy hydrolysate (53) 
Soy alpha-protein (85) 
Liver extract (52) 
Penicel* (32) 
Zein (100)+lysine 0.22% 


et ND eee DD ee 


Six proteins» 
Egg albumin (98) 


Brewer's yeast (50) 
Pollens: 
Mustard (19) 
Cherry (23) 10 
Almond (25) 10 
P-6 10 
Control (21) 10 
Beebread+sucrose 15 
51 Sucrose candy 


“By-product of penicillin fermentation, Abbott Laboratories, Inc., North Chicago, 
Illinois. 

*Castor bean, milk powder, soy hydrolysate, soy alpha-protein, liver extract, and 
Penicel in amounts to give 1.66% of protein from each source. 
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MICROBIOLOGICAL AVAILABILITY 


The biological availability to microorganisms 
of amino acids in dietary proteins was determined 
by the method of Horn, Blum, and Womack 
(1954) and was compared with the nutritional 
adequacy as shown by pharyngeal gland develop- 


ment. 


Leuconostoc mesenteroides P—60,’ a lactic 


acid-producing microorganism used routinely for 
microbiological assay of amino acids, was grown 


*Any two means not connected by the same line 


Table 2. 


1957 


Mean gland 


Diet and percent protein 
development 


Egg albumin (10%)+M» 
Egg albumin (10%)+MV» 
Control (10%) 

Beebread and honey 
Sesame (10%)+MV 
Control (5%) 

Soy flour (10%)+MV 
Control (2.5%) 

Soy flour (5%)+MV 
Casein (10%)+MV 


Lactalbumin (10%)+M 
Casein (10%)+M 
Control (1.25% 
Control (0.62%) 

Zein (10%)+MV 
Lactalbumin (10%)+MV 
Honey 

10% 


Gluten +MV 


Gluten (5%)+MV 
Zein (10%)+M 


Lactalbumin 
hydrolysate 


Lactalbumin 
hydrolysate (i 


Sucrose cand 4 


4 complete 


*M, mineral supplement; V, \ 
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in a culture medium that contained an energy 
source and all the factors necessary for growth 


except 


the amino acids. Enzymatic or acid 


hydrolysates of the protein sources were added 


in varying concentrations to tubes of culture 
medium, 


which were then inoculated with L. 


mesenteroides and incubated for 72 hours at 37 C.° 


‘Obtained from the American Type Culture Collec- 


tion, Washington, 


Pharyngeal gland development of bees fed 


Diet 
No. 


are significantly different at the 5% level 


D.C. 


various test diets." 


1958 


Mean gland 


diet } ‘rce » 
Diet and percent protein development 


Egg albumin (20% 


Egg albumin (10%) 


Almond pollen (10% 


P 6 pollen 


10%) 


Control (10% 


Mustard pollen 10% 


Egg albumin (15% 


Cherry pollen (10% 


Milk powder (10%)+MV 


Brewer's yeast (5%) 


Egg albumin (5% 


pesame 


10%)+M 


10% )+MV 


Soy hydrolysate 


\+MV 


mesame 


f 
10% 


10% )+MV 


Cottonseed meal 
Egg albumi 


10%)+MV 


o1ixX protein 


Sesame (10%)+MV 


+MV 


Castor bean (10%) 


Soy alpha-protein (10%)+MV\ 


Zein (10%)+MV 


Zein (10%)+M 


Penicel (10%)+MV 
Liver extract (10%)+M 


Sucrose candy 


1.0 represent none, 


itamin-amino acid-sterol supplement 
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The amount of microbial growth as measured by 
potentiometric titration of the lactic acid was 
directly related to the availability of the amino 
acids in the hydrolysates, as shown by Horn 
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et al. (1954). These tests showed the availability 
of the acid-hydrolyzed proteins to the test micro- 
organism, when ranked from most available to 
least available, to be very similar to the nutri- 


Table 3.—Longevity of honey bees fed various test diets. 


1957 


Half-life 


Diet and percent protein 
oe I longevity* 


Control (2.5%) 23.6 
Control (5%) 

Beebread and honey 

Control (0.62%) 

Casein (10%)+M»> 

Soy flour (56%)+MV> 

Lactalbumin (10%)+M 

Casein (10%)+MV 

Honey 

Control (1.25%) 


Lactalbumin 
hydrolysate (5%)+M 


Sucrose candy 
Lactalbumin (10%)+MV 
Zein (10%)+MV 
Beebread and sucrose 


Lactalbumin 
hydrolysate (5%)+MV 


Control (10%) 
Gluten (5%)+MV 
Zein (10%)+M 
Sesame (10%)+MV 

Egg albumin (10%)+MV 
Egg albumin (10%)+M 
Soy flour (10%)+MV 


Gluten (10%)+MV 


Lactalbumin 
hydrolysate (10%)+M 


Lactalbumin 
hydrolysate (10%)+MV 3.3 


‘Number of days in which 50% of the bees died. 


*M, mineral supplement; V, 


1958 


Half-life 
longevity* 


Diet 
No Diet and percent protein 


Egg albumin (10%) 18.3 
Egg albumin (5%) 

Control diet (10%) 

Almond pollen (10%) 

P-6 pollen (10%) 

Egg albumin (2.5%) 

Mustard pollen (10%) 

Brewer's yeast (5%) 

Cherry pollen (10%) 

Soy alpha-protein (10%)+MV 

Sucrose candy 

Zein (10%)+MV 

Cottonseed meal (10%)+MV 

Sesame (10%)+MV 

Egg albumin (15%) 

Zein (10%)+M 

Egg albumin (20%) 

Six proteins (10%)+MV 

Penicel (10%) MV 

Sesame (10%)+M 

Soy hydrolysate (10%)+MV 

Sesame (10%)+MV 
Liver extract (10%)+M 
Milk powder (10%)+MV 


Castor bean (10%)+MV 


vitamin-amino acid-sterol supplement. 
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tional adequacy of the intact proteins fed to bees. 
This ranking was as follows: 

Stimulation of 

L. mesenteroides 


Pollen 

Sesame seed 

Egg albumin 
Lactalbumin 

Soybean flour 

Gluten 

Casein 

Lactalbumin hydrolysate 


Gland Development 


Pollen 

Egg albumin 

Sesame seed 

Soybean flour 

Casein 

Lactalbumin 

Zein 

Lactalbumin hydrolysate 


DIscUSSION 

After completion of these tests, it was found 
impossible to draw any conclusion as to the spe- 
cific nutritive value of the vitamin-amino acid- 
sterol, and mineral supplements, since the 
individual elements in these were not tested 
separately. Furthermore, the brewer’s yeast 
used in the mineral supplement contained small 
amounts of vitamins, as probably did some of the 
proteins. For these reasons the only valid 
comparisons that can be made are those between 
diets containing the same concentrations of these 
supplements. 

The rate of pharyngeal gland development 
appears to be related to protein content of the 
diet. This was shown with control pollen diets 
fed in 1957 (fig. 1) and nonsupplemented egg 
albumin diets fed in 1958 (fig. 2). Both dietary 
proteins promoted the best gland development at 
the highest protein levels. The 5% control diet 
(23) stimulated gland development as well as the 
2.5% (22) or the 10% control diet (24), but the 
10% control was significantly better than the 
2.5% control. There was a higher rate of gland 
development at the 10% level for the first 7 days 
(fig. 1). Glands of bees fed control diets at the 
two lower levels developed more slowly, but also 
retrogressed at a slower rate. There were no 
significant differences in gland development in 
bees fed 10%, 15%, and 20% egg albumin diets 
(42, 41, 43) at the 7-day test period interval. 
On the other hand, at the 14th-day interval bees 
consuming the 20% diet (43) still had glands 
about the same size as those on the 15% diet (41) 
but significantly larger than those on the 10% 
diet (42). Between the 7th and 14th days, gland 
retrogression occurred in bees fed the control 
pollen and the 10% egg albumin (fig. 2). All 
other groups in the test series showed no retro- 
gression (fig. 3). 

In the 1957 tests, diets that stimulated the best 
gland development—e.g., egg albumin, sesame, 
and soy flour at the 10% protein level—promoted 
a poorer longevity than sucrose candy. When 
the protein sources were fed at different protein 
concentrations, diets containing the lower levels 
consistently promoted the greater longevity. 
The longevity promoted by supplemented (10 
and 11) and nonsupplemented (41) egg albumin 
diets, at the same protein levels, seems to indicate 
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the presence of some harmful substance in one or 
both of the supplements. Discrepancies in the 
correlation of the longevity and gland develop- 
ment results may indicate differences in the 
protein requirements of young and older worker 
bees. The feeding experiments indicate that 
longevity may not alone be used to evaluate 
foodstuffs for growth or brood rearing. The 
values seem to represent the nutritional adequacy 
of foods for the minimum maintenance require- 
ments only. 

Microbiological assay in this laboratory and 
comparison of data in the literature showed that 
several of the dietary protein sources are deficient 
in one or more amino acids, which may help to 
explain the poor results obtained with these 
proteins. These deficiencies are based on the 
minimum amino acid values required by the 
honey bee (DeGroot 1954). Penicel is low in 
isoleucine and possibly in lysine and valine; soy 
alpha-protein in methion.ne and threonine; cot- 
tonseed meal in arginine, isoleucine, methionine, 
threonine, and valine; and liver extract in phen- 
ylalanine, valine, and isoleucine. It is also con- 
ceivable that the absence of an unknown nutritive 
factor in these proteins, or the presence of a del- 
eterious factor, may be responsible for their poor 
nutritive value for honey bees. 

The microbiological availability tests showed 
egg albumin and sesame to be of greater nutritive 
value than the other nonpollen protein sources 
with which they were compared. The similarity 
in results obtained between the bee-feeding tests 
and the microbiological assay of certain protein 
diets suggests that the latter method could be used 
to advantage in screening protein substances for 
their possible value as bee food 
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OBSERVATIONS ON THE SUBGENUS ARGAS (IXODOIDEA, ARGASIDAE, ARGAS) 
2. A. COOLEYI, NEW SPECIES, FROM WESTERN NORTH AMERICAN BIRDS! 


GLEN M. 


KOHLS? anp HARRY 


HOOGSTRAAL 


ABSTRACT 


Argasid parasites of cliff swallows, Petrochelidon 
pyrrhonota subspp., and of a few other birds in western 
North America, have previously been referred to as 
Argas reflexus (Fabricius, 1794). Comparison of Ameri- 
can population samples with others of the true A. r. re- 
flexus from Europe indicates that these represent separate 
species. Adults and immature from western 
North America are described, and the name A. cooleyi 


stages 


For want of adequate comparative material of 
adults and immature stages from America and 
Europe, populations of Argas ticks infesting 
cliff swallows and other birds in western North 
America have in the past been identified as A. 
reflexus (Fabricius, 1794), a European species 
which they very closely resemble in superficial 
appearance (Cooley and Kohls 1944). In recent 
years larger and more varied samples of both 
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sp. nov. is proposed for them. While morphological 
differences between European and American specimens 
are found in nymphal and adult stages, the most out- 
standing criteria occur in larvae of these species. Cliff 
swallows appear to be the principal hosts of A. cooleyi 
wherever this tick occurs in western North America 
Montana, Washington, Utah, Nevada, Colorado, 
Texas, and California 


geographical populations, including immature 
stages, have been obtained by the writers. 
Comparison of this material with all stages of 
A. r. reflexus from Europe (Hoogstraal and Kohls 
1960), and of A. reflexus hermanni from Africa 
(Hoogstraal and Kohls, in press) reveals critical 
differences which indicate that American popula- 
tions are specifically distinct from those of Europe. 
We are happy to dedicate this new American 
species to Dr. R. A. Cooley, who has done so 
much to increase the knowledge of ticks and who 
set many high standards for tick study throughout 
the world 


Argas cooleyi, new species 
The Western North American Bird Argasid 
Figures 1 to 15 
DESCRIPTION 
FEMALE (figs. 1-6).—Measures from 4.30 mm. 
to 8.20 mm. in length and from 3.07 mm. to 5.74 
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mm. in width. The holotype, an average speci- 
men, measures 6.67 mm. in length and 4.61 mm. 
in width. Body (unengorged) thin and flat, 
concealing mouth parts and most of femora; 
outline oval; posterior margin more broadly 
rounded than anterior margin; anterior margin 
more or less bluntly rounded; body widest at 
level of anus, lateral margins thence gradually 
converging anteriorly. Color of alcohol-preserved 
specimens reddish brown with paler legs when 
unengorged and well-preserved; darker when 
engorged or poorly preserved. 

Dorsal integument posteriorly (fig. 3) consisting 
of numerous curved and coiled, flat-topped, 
narrow ridges. (Variation in superficial appear- 
ance of integumental elevations is similar to that 
noted under Variation of A. r. reflexus by Hoog- 
straal and Kohls 1960). Anteriorly on body, 
elevations are smoother and form a definite con- 
vergent pattern among discs. Setae inconspicu- 
ous, fine, pale, widely and irregularly scattered 
among integumental elevations. Discs large and 
distinct, arranged in clearly radiating rows (fig. 1). 
Lateral integument (fig. 3) differentiated by a 
narrow margin of wider and somewhat more 
consolidated ridges than those of dorsal integu- 
ment; scattered setae arising mostly from sub- 
circular but also from linear interstices between 
ridges; lateral ridges abruptly divided by very 
narrow but distinct, uninterrupted suture en- 
circling entire body (fig. 4). Ventral integument 
(fig. 2) quite similar to that of dorsal surface; 
elevations more regular and form a pattern of 
transverse ridges in intercoxal area; discs arranged 
as illustrated. Hood absent. 

Capitulum (fig. 5) comparatively small; situated 
in shallow camerostome extending from level of 
anterior margins of coxae 1 approximately to 
anterior eighth of body length. Basis capituli 
ventrally broadly rectangular, approximately 2% 
times as wide as long; bearing two small baso- 
lateral setae, approximately seven to nine small 
lateral setae, one pair of small submedian post- 
palpal bristles, and a pair of longer posthypostomal 
bristles arising level with and in close proximity 
to each palpal base and extending approximately 
to midlength of palpal segment 2. Hypostome 
comparatively short and stout, approximately 
twice as long (from level of basal denticles to 
apex) as wide; apex bluntly rounded (may be 
slightly indented) and bearing a corona of two or 
three rows of small hooklets; dentition of shaft 
divided into apical half of 2/2 long, comparatively 
narrow and sharply pointed denticles in three or 
four rows, and basal half of 3/3 to 5/5 small 
hooklets in five to seven rows. Palpi extending 
beyond apex of hypostome by full length of 
segment 4 and partial length of segment 3; 
segments globose, 1 widest, 2 considerably nar- 
rower but approximately equalling 1 in length, 3 
almost as wide as but approximately two-thirds 
as long as 2, 4 very slightly narrower but slightly 
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longer than 3; ventral setae numbering two on 
segment 1 and three on segments 2, 3, and 4. 

Eyes absent. Spiracular plates very small, 
situated laterad of coxae IV. Genital aperture a 
transverse slit at level of base of coxae I. Anus 
elliptical, situated at level of apex of trochanter 
IV; approximately 10 fine setae arising from each 
valve. Ventral “paired organ’’ absent. Coxal 
and supra-coxal folds present. 

Legs moderately long and stout, arising from 
anterior half of body; apex of coxae IV slightly 
anterior of midlength of body; legs I to III 
subequal in length, IV somewhat longer. Coxae 
II to IV contiguous, I and II separated by a 
narrow integumental area. TJarsi II to IV each 
with a more or less elevated subapical protuber- 
ance, I lacking this elevation; apical margin of I 
more or less truncate dorsally and bluntly 
thumblike ventrally, apical margin of II to IV 
sharply but narrowly retrograde dorsally and 
elongately thumblike ventrally; tarsi with setae 
visible from lateral view on each leg, from I to IV 
typically as follows: apicodorsal 1, 1, 1, 1; sub- 
dorsal 6, 2, 2, 2; median 4, 3, 4, 3; apicoventral 
6, 5, 5, 5: subventral 7, 6, 5, 6 (additional four 
short setae anterior and posterior of Haller’s 
organ). Claws large, subequal; pads (pulvilli) 
obsolete. 

MALE (figs. 7-9).—Similar to female except for 
slight secondary sexual characteristics. Measures 
from 3.69 mm. to 6.15 mm. in length and from 
2.56 mm. to 4.30 mm. in width. The allotype, 
an average specimen, measures 5.43 mm. in length 
and 3.69 mm. in width. Genital aperture (fig 8) 
forming a perfect semicircle. 

Capitulum (fig. 7): Hypostome slightly longer 
in relation to width than in female, apex may be 
slightly more gradually rounded and corona 
slightly less prominent than in female; dentition 
similar to that of female. Basis capituli with 
approximately 11 setae in each submedian to 
lateral field; appearing either to lack differentiated 
postpalpal bristles or to have these bristles 
incorporated into setal group; posthypostomal 
bristles as in female. 

Tarsi (fig. 9) quite similar to those of females; 
with subapical dorsal elevations much reduced or 
absent; apical margin of I more or less retrograde 
dorsally (usually more so than in female), other 
tarsi with subapical protuberances somewhat 
smaller and narrower but as conspicuous and 
retrograde as in females. Setae visible from 
lateral view, on each tarsus from I to IV, typically 
as follows; apicodorsal 1, 1, 1, 1; subdorsal 3, 1, 
1, 1; median, 2, 3, 3, 2; apicoventral 6, 5, 5, 5; 
subventral 4, 4, 4, 5. 

Other characters essentially as in female. 

NYMPH (figs. 10-13).—Largest nymphs may 
equal males or small females in size; they have a 
depression, but not an aperture, in the genital 
area. In most characteristics, except those 
described below, nymphs are similar to adults. 
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Argas cooleyi, n. sp., adult female paratypes from nest of cliff swallow, Petrochelidon 
pyrrhonota hypopolia, Granite County, Montana, 20 July 1950 (RML 27728). Fic. 1.—Dorsal 
view. Fic. 2.—Ventral view. Fic. 3.—Integument, posterior dorsal quadrant. Fic. 4. 
Integument, lateral view. 
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(Nymphs definitely known to be first instar are 
not available to us at this time. Details below 
are for both small and large nymphs, without 
reference to instar.) 

Capitulum (figs. 12A, 12B) quite large. Basis 
capituli somewhat more elongate than in adults, 
bearing four to six or possibly more pairs of setae 
on ventral surface, and a pair of posthypostomal 
bristles arising from the basal level of palpal 
segment 1 and extending to the distal margin of 
palpal segment 2. Hypostome proportionally 
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Argas cooleyi, n. sp., adult paratypes from nest of 
cliff swallow, Petrochelidon pyrrhonota hypopolia, Granite 
County, Montana, 20 July 1950 (RML 27728). Fic. 5.— 
Capitulum of female, ventral view. Fic. 6.—Tarsi I-IV 
of female, lateral view. Fic. 7.—Capitulum of male, 
ventral view. Fic. 8.—Genital area of male. Fic. 9.— 
Tarsi I-IV of male. 


slightly narrower and more elongate than in 
adults; dentition essentially as in adults. Palpi 
with proportions of segments as in adults but 
number of setae may be slightly fewer. 

Legs. Tarsi (fig. 13) in small nymphs may or 
may not show the distinct subapical elevation 
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and retrograde subapical outline of adults. In 
larger nymphs, tarsal outlines are similar to those 
of adults. 

LARVA (unengorged, figs. 14-15, reared mater- 
ial from Granite County, Montana, RML 
23020).—Body subcircular, measuring (excluding 
capitulum) approximately 0.6 mm. to 0.8 mm. in 
diameter. Capitulum anterior. A_ subcircular 
squamous area, with a broad posterior margin and 
a somewhat narrower anterior margin, present on 
dorsal integument. 

Setae of body and legs long, lightly and in- 
conspicuously fringed (fig. 14A) dorsally number- 
ing 8 anterolateral pairs, 14 posterolateral pairs 
(total of 22 pairs of dorsolateral hairs), 1 pair 
beside squamous area, and 9 hairs on each pos- 
terior quadrant. Ventrally, numbering two setae 
on each coxa, three intercoxal pairs, three 
circumanal pairs, and one pair from anal valves. 

Capitulum. Basis capituli with lateral margins 
slightly convex and junctures rounded; with 
two pairs of minute bristles on ventral surface. 
Hypostome (fig. 14C) comparatively stout, lateral 
margins parallel, apex bluntly rounded or slightly 
indented; bearing a corona of two or three rows 
of minute hooklets. Dentition 2/2, consisting 
of an outer row of six or seven large, laterally 
directed denticles, and an inner row of five large, 
moderately tapering denticles; both rows ex- 
tending most of the length of the shaft. Palpi 
(fig. 14B) with segments 1 to 3 subequal, 4 longer, 
with a single fringed seta arising from the ventral 
surface of 2, 3, and 4. 

Legs long and stout; coxae each with 2 setae; 
claws fairly long; pads (pulvilli) reduced. 

Ho.LotyPE.—Female, from collection taken in 
nest of Cliff Swallow, Petrochelidon pyrrhonota 
hypopolia Oberholser, 1920, and adjacent rock 
crevices, Rock Creek, Granite County (43 miles 
east of Hamilton), Montana, 5430 feet elevation, 
20 July 1950, Glen M. Kohls and William L. 
Jellison (RML 27728). Deposited in collections 
of Rocky Mountain Laboratory. 

ALLOTYPE.—Male, with same data as holotype; 
also deposited in Rocky Mountain Laboratory 
collections. 

Paratypes.—Total 351 ¢, 
162 larvae. All from nests of 
Petrochelidon pyrrhonota subspp. 
rock crevices, unless otherwise stated. The 
subspecies of the cliff swallow in Montana, 
Washington, Utah, and Nevada is hypopolia 
Oberholser, 1920, in Colorado and California, 
pyrrhonota (Vieillot, 1817), and in Texas, tachina 
Oberholser, 1903. 

Montana: 22 ¢, 
locality as holotype, 12 
16 July 1947, and 20 July 1950, Kohls and 
Jellison (RML 23020, 23025, 23907, and 27728); 
also 76 larvae reared in the laboratory from the 
first two of these lots. 1 9, “found on bed in 
bedroom, host probably swallows,’’ Haxby, Gar- 
field County, October, 1938, sent by H. B. Mills 


332 9, 486 nymphs, 
cliff swallows, 
and adjacent 


26 9, 21 nymphs from same 
and 22 August 1942, 
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Argas cooleyi, n. sp., paratype small nymph from nest of cliff swallow, Petrochelidon 
pyrrhonota pyrrhonota, Cache Creek Bridge, Highway 20, 17 miles west of Williams, Cali- 


fornia, 10 June 1958, Harald N. Johnson (Hoogstraal collection). Fic. 10.—Dorsal view 
Fic. 11.—Ventral view. Fic. 12A.—Capitulum, ventral view. Fic. 12B.—Hypostome and 
palpus, enlarged. Fic. 13.—Tarsi I-IV, lateral view. 
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(RML 15159). 1 o, 5 nymphs, near Myers, 
Treasure County, July and August 1946, D. J. 
Pletsch (RML 22469 and 23009). 

Washington: 266 o&, 212 2, 373 nymphs, 
Fishtrap Lake, Lincoln County, 14 August 1951 
and 24 October 1956 (RML 29249 and 33989); 
also 75 larvae reared in the laboratory from 
RLM 33989. 5 9, 1 nymph, Coffee Pot Lake, 
near Harrington, Lincoln County, 15 August 1951 
(RML 29251). 1 nymph, Soap Lake, Grant 
County, 15 August 1951 (RML 29250). Lot 
33989 collected by W. Burgdorfer and A. Mavros; 
others by Glen M. Kohls and L. E. Hughes. 

Utah: 6 larvae from neck of cliff swallow, 
Vernal, Uintah County, 27 July 1948, C. Greenhall 
(RML 25918). 4 o, 14 2, 4 nymphs, Yuba 


Argas cooleyi, n. sp., paratype larva 


view. A, postero-lateral seta, enlarged. 
Reservoir, Sanpete and Juab Counties, 26 October 
1951 and 18 April 1952, D Elden Beck (RML 
29703 and 30372). 

Nevada: 7 co, 12 9, 16 nymphs, Salmon Falls 
Creek, near Contact, Elko County, 26 September 
1951, L. E. Hughes (RML 29571). 

Colorado: 3 o&, 2 nymphs, Spring Canyon, 
near Fort Collins, Larimer County, 8 December 
1924, R. Honess (RML 26570). 1 o, 2 nymphs, 
21 mi. S.W. of Cortez, Montezuma County, 28 
August 1958, R. E. and A. E. Ryckman (RML 
34805) 
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RML 23030), 
as RML 27728 (see plate I and II), unengorged. 
B, palpus, enlarged. C 
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Texas: 19 o, 34 2, 17 nymphs, 25 mi. E. of 
Bakersfield, Pecos County, 25 August 1958, H. V. 
Weems, Jr. (RML 35157). 3 nymphs, 5 larvae, 
from Barred Owl, Strix varia helveola (Bangs, 
1899), Big Bend National Park, Brewster County, 
17 October 1957, R. B. Eads and J. S. Wiseman 
(RML 34537). 

California: 1 92, cliff swallow nest, bridge over 
irrigation ditch, 18 mi. W. of Williams, Colusa 
County, 5 June 1956, Harald N. Johnson (Hoog- 
straal collection). 1 92,12 nymphs, cliff swal- 
low nest on Cache Creek Bridge, Highway 20, 17 
mi. W. of Williams, Colusa County, 10 June 
1958, Harald N. Johnson (Hoogstraal collection). 
Near nest of Condor, Vultur californianus Shaw, 
1797, in cave, Santa Paula Canyon, Ventura 


from same locality 
Fic. 15.—Ventral 
; hypostome, enlarged 


reared from adult 
Fic. 14.—Dorsal view. 


a 


County: 7 o’,9 2, 13 nymphs, September 1939, 
and May 1940, T. F. Kelley (RML 17018 and 
17787), and 2 &@, 25 March 1946, C. Koford 
(RML 22341). 19 o&, 19 9, 16 nymphs, near 
Warner Springs, San Diego County, August 1954, 
F. N. Gallup (RML 33143). 

Paratypes are deposited in collections of the 
Rocky Mountain Laboratory, United States 
National Museum, British Museum (Natural 
History), Chicago Natural History Museum, 
Harry Hoogstraal, and California Academy of 
Sciences. 
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RELATED ForMs.—Argas cooleyi sp. nov. of 
western North America is closely related to A. r. 
reflexus of western Europe. Although morpho- 
logical differences between American and Euro- 
pean specimens are found in adults and nymphs, 
the most outstanding criteria occur in the larvae 
of these species. The squamous area of cooleyi 
larvae is subcircular, that of reflexus is narrowly 
elongate. The anterolateral and posterolateral 
setae of cooleyi larvae number 16 and 28 while 
those of reflexus number 30 and 24. The fring- 
ing of these setae is slight in cooleyi and heavy in 
reflexus. The hypostome of cooleyi larvae is 
stouter and shorter than that of reflexus, and the 
number of denticles is fewer but their individual 
size is larger in cooleyi. 

Adult tarsal subapical protuberances of cooleyi 
are usually less elevated but almost always more 
retrograde in outline than those of reflexus. 
Integumental elevations and chaetotaxy, denti- 
tion, and other structural characteristics also 
differ in the American and European species. 

A. cooleyi is also related to A. reflexus hermanni 
of North Africa, which will be redescribed in the 
following report of this series (Hoogstraal and 
Kohls, in press). It also appears likely that 
cooleyi may be related to A. brevipes Banks, 1908, 
described from southern Arizona. The status of 
brevipes is uncertain owing to its inadequate 
description and loss of the type material. This 
matter is at present being studied by the writers. 

DIsTRIBUTION.—A. cooleyi is recorded from 
Montana, Washington, Utah, Nevada, Colorado, 
Texas, and California. A different species, pos- 
sibly Argas brevipes Banks, 1908, occurs in desert 
areas of Arizona as noted above, and in Baja 
California. 

Host RELATIONSHIPS.—The principal host of 
A. cooleyi appears to be Cliff Swallow, Petro- 
chelidon pyrrhonota. Single collections have been 
taken from the Barred Owl, Strix varia helveola 
(Bangs, 1899) and the nest of a Condor, Vultur 
californianus Shaw, 1797, in a cave. 

BioLocy.—From the experience of Kohls, it 
appears that A. cooleyi may be expected to be 
found in almost any permanently established 
colony of cliff swallows in western United States, 
especially when nests are constructed on cliffsides 
rather than on manmade structures. It should 
be noted, however, that two California collections 
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were taken from bridges over a river and an 
irrigation ditch. The retort-shaped mud nests 
of the cliff swallow are usually constructed high 
on sides of cliffs or on roofs of caves near water. 
In settled areas they are attached to walls and 
eaves of houses and barns and to undersides of 
bridges. In a single instance, numerous speci- 
mens of /xodes howelli Cooley and Kohls, 1938, 
were found in nests together with A. cooleyi. 
This was in the type locality of the new Argas 
species. 

The breeding range of the cliff swallow is 
North America from the northern limit of trees 
to Mexico except for all or parts of the South- 
eastern and Gulf Coast States. It migrates to 
South America and is said to winter in Brazil 
and Argentina. The distribution of A. cooleyi 
thus does not appear to be coextensive with the 
wide range of its principal host 

In western United States, the cliff swallow 
breeds chiefly during spring and early summer. 
Afterwards, the nests are abandoned till the next 
year. After feeding, the ticks leave the nests and 
retreat into narrow rock crevices nearby. In 
their northern range, they are annually exposed 
to extreme subzero winter temperatures. Sum- 
mer temperatures in these situations may be 
modified by the humid and protected places in 
which these nests are usually constructed 
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EXCRETION AND ITS PRODUCTS IN SOME 
STORED-GRAIN-INFESTING BEETLES' 


P. D. GUPTA? ann R. N. SINHA? 


ABSTRACT 


Urine is excreted clear fluid through the 
malpighian tubules in adult Tribolium confusum Duv., 
Cryptolestes ferrugineus (Steph.), C. turcicus (Grouv.), 
and Sitophilus granarius (L.). A portion of the uric acid 
and urates remains stored in the fat body of S. granarius 
only. Heavy deposits of storage excretion (not uric acid 
or urates) in the form of dark brown granules are present 
in the cells of malpighian tubules of 7. confusum, C. 


as a 


Sinha (1959) reported that the hindgut contents 
of stored-grain beetles were acid, and that the low 
pH values were independent of their carbohydrate 
diet. He found bacteria absent from the hindgut 
of 9 of the 10 species studied, which reduces the 
possibility that the acid reaction might be caused 
by production of an appreciable quantity of lactic 
or other organic acids as a result of degradation 
of food residue passing from the midgut into the 
hindgut. The present investigation was under- 
taken to study the excretory mechanism and to 
determine if it is involved in lowering the pH of 
residual food in the hindgut of beetles feeding on 
stored grain or grain products. The organs con- 
cerned in the elimination of nitrogenous wastes 


were examined, and qualitative and quantitative 


estimations made of some of the constituents 
(especially organic acids and nitrogenous com- 
pounds) of the excreta. Adults of Tribclium 
confusum Duv. (Tenebrionidae), Cryptolestes fer- 
rugineus (Steph.), C. turcicus Grouv. (Cucujidae), 
and Sitophilus granarius (L.) (Curculionidae) 
were studied. 


MATERIALS AND METHODS 


About 20 individuals of each of the four species 
were taken from stock cultures. T. confusum 
reared at 27°+1° C. and 72%+4% R. H., C. 
ferrugineus at 28° +0.5° C. and 80% +0.5% R. H., 
C. turcicus at 33° = 2° C. and 70% =3% R. H., and 
S. granarius at 21°+2° C. and 23% +3% R. H., 
were maintained in the insectary of the Research 
Station, Canada Department of Agriculture, 
Winnipeg, Manitoba. The insects were dissected 
with fine glass needles in 70% ethyl alcohol, and 
organs suspected to contain uric acid were 
treated with Benedict’s reagent (Baldwin and 
Bell 1955). 


‘Contribution No. 40 from the Research Station, 
Research Branch, Canada Department of Agriculture, 
Winnipeg, Manitoba. Accepted for publication Janu- 
ary 25, 1960. 

*Reader in Zoology, University of Lucknow, Lucknow, 
India, on leave of absence at the Department of Ento- 
mology, University of Manitoba, Winnipeg (1958-59). 


ferrugineus, and C. turcicus, but no such deposit occurs 
in S. granarius. Uric acid and urates enter through the 
wall of the anterior portion of the hindgut in S. granarius, 
whereas in the other three species the urine discharged 
through the malpighian tubules contains a solution of 
uric acid and its salts. Presence of a large quantity of 
uric acid seems responsible for lowering the hydrogen-ion 
concentration in the hindgut of all the four species. 


The results were double-checked by the histo- 
chemical methods of Hollande (Cowdry 1948) 
and of DeGalantha (Lillie 1954). Three fixatives 

absolute ethyl alcohol, 5% formalin, and a 
mixture of equal parts of 1% aqueous silver 
nitrate and 4.4% neutral formalin—were used 
for every organ. Whole mounts and sections 
Sy thick were prepared from these materials. 
Only such portions as gave positive results for 
uric acid and urates with both the biochemical 
and histochemical tests were considered to con- 
tain these substances and to take active part in 
the elimination of nitrogenous wastes. Photo- 
micrographs! were made from sections stained 
with Mayer’s acid haemalum and aqueous eosin 

The hydrogen-ion concentration of the body 
fluid was determined with universal indicator 
paper (Canadian Laboratory Supplies, Toronto) 
and certain indicator dyes both in solution and in 
powder form (British Drug House, Toronto). 

Excreta of T. confusum, C. ferrugineus, and S. 
granarius were collected from individuals taken 
out from the cultures in batches of 100. The 
insects were washed with distilled water, cleaned 
individually with a sable-hair brush, and then 
left without food in covered petri dishes. After 
24 hours, the specimens were removed to another 
container and destroyed, whereas the excreta 
were transferred into watch glasses. Broken 
pieces of insect body, eggs, and other extraneous 
matter were then removed under a stereo micro- 
scope, and the excreta were stored in sealed tubes 
at 0° C. 

Qualitative analyses of the constituents of 
excreta were made as follows: (a) microscopic 
examination and iodine test for starch; (b) paper 
chromatography for reducing sugars and amino 
acids, employing as solvent system the upper layer 
of n-Butanol:acetic acid:water in proportions 


Eritomology Section, Canada Depart- 
Research Station, Winnipeg, 


s5Entomologist, 
ment of Agriculture 
Manitoba. 

‘Photomicrographs of the organs of C. turcicus have 
been omitted because of their similarity with those of 
C. ferrugineus 
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40:10:50; and (c) spot tests (Feigl 1954) for some 
of the organic and inorganic constituents. 

For quantitative estimations the excreta were 
first dried in an oven at 40° C. for 4 hours, and 
then were weighed. The method recommended 
by Buchanan et al. (1945) was employed for 
estimation of uric acid. The excreta were ground 
in a pyrex glass homogenizer and the uric acid 
was extracted with 3 to 5 ml. of 0.4% aqueous 
solution of lithium carbonate warmed up to 60° C. 
for 5 minutes; its complete removal was ensured 
by checking the subsequent extract from the resi- 
due. Measurements were taken at 690 mu with 
a Perkin Elmer Spectracord, Model 4000A, setting 
the instrument to zero with the blank. Trans- 


Table 1. 


Parts examined 


Benedict's 


Wall of midgut 
Diverticula 
Contents of midgut 
Wall of hindgut 
Contents of hindgut 
Malpighian tubule 
Fat body 

Excreta 


Positive = Negative 


Table 2. 


Parts examined 


Benedict's 


Wall of midgut 
Diverticula 
Contents of midgut 
Wall of hindgut 
Contents of hindgut 
Malpighian tubule 
Fat body 
Excreta 
+ =Positive, — = Negative 

mission of light through the total and residual 
colors was recorded 40 minutes after the addition 
of the reagents. 

Total nitrogen was determined by the method 
recommended by McKenzie and Wallace (1954). 


OBSERVATIONS 
The location of uric acid detected by the bio- 
chemical and histochemical tests is given in tables 
1 and 2. 
Organs concerned in excretion of nitrogenous wastes 


The alimentary canal.—The data in tables 1 
and 2 show that, according to both biochemical 
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Location of uric acid and urates in T. confusum. 
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and histochemical findings, uric acid and urates 
were absent from the wall as well as from the 
contents of the midgut. Although the diverticula 
of T. confusum and S. granarius took a light 
bluish stain with Benedict’s reagent, this may 
have been due to some substance (polyphenols, 
methyl xanthines etc.; see Hawk et al. 1954) 
other than urates, since no positive histochemical 
evidence for uric acid was detectable either in the 
whole mounts or in the sections of midgut and 
diverticula of any of the species studied. There 
was definite evidence for the presence of fairly 
large quantities of uric acid in the excreta and in 
the contents of the hindgut of all the four species. 
Uric acid and urates were never detected in the 


Tests employed 


DeGalantha’s 


Hollande’s 


?= Doubtful 


Location of uric acid and urates in S. granarius. 


Tests employed 


Hollande’s DeGalantha's 


wall of the hindgut of T. confusum, C. ferrugineus, 
and C. turcicus. On the other hand, fine black 
deposits, indicating uric acid, became clearly 
discernible within the cells in a number of treated 
sections (fig. 6) of anterior intestine of S. granarius 
(no blackening took place in the control sections). 
The biochemical test confirmed these results 
because the washed wall of the hindgut of S. 
granarius alone gave a positive reaction with 
Benedict’s reagent (table 2). 

The fat body.—Uric acid and urates were present 
in the fat body of only S. granarius; it became 
dark brown and the colored deposit was clearly 
seen in the treated sections (fig. 4). The fat 
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bodies of 7. confusum, C. ferrugineus, and C. 
turcicus did not undergo any conspicuous change 
on treatment with silver nitrate (figs. 1, 2, and 
10). 

Malpighian tubules —The free portions of all 
the six cryptonephridic tubules of 7. confusum, C. 
ferrugineus, and C. turcicus showed the presence 
of uric acid, as they became more or less uniformly 
dark brown on treatment with silver nitrate. 
This could be seen in whole mounts. However, 
concretions of uric acid were not seen in the lumen 
in sections of the tubules (figs. 1, 10,12). Positive 
reaction with Benedict’s reagent provided addi- 
tional evidence that the malpighian tubules of 
these species contained uric acid and urates; but 
it was not practicable to differentiate these sub- 
stances in their cells because of the heavy deposit 
of dark-colored granules (see below). Uric acid 
and urates were not found in the malpighian tu- 
bules of S. granarius (fig. 6). 

It is thus clear that in T. confusum, C. fer- 
rugineus, and C. turcicus the malpighian tubules 
form the chief organs of excretion and nitrogenous 
waste is not stored in the fat body. In S. 
granarius, on the other hand, the malpighian 
tubules do not seem to play any active role in 
the excretion of nitrogenous wastes, part of which 
is eliminated through the anterior intestine and 
the rest remains stored in the fat body. 


PIGMENT GRANULES IN THE MALPIGHIAN TUBULES 

The cells of the malpighian tubules of T- 
confusum, C. ferrugineus, and C. turcicus were 
packed with numerous discrete granules, usually 
dark brown to black in color (figs. 1, 2, 10, 11, 12). 
Since the granules were not found either in the 
lumen of the tubules or of any part of the ali- 
mentary canal, they may represent ‘“‘storage 
excretion.’”? The malpighian tubules of S. granar- 
ius were free from such granules (figs. 6 and 7) 
Preliminary investigations indicated that the 
chemical nature of these granules is similar to 


fusum. 
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that of the slightly larger, black, disc-like bodies 
found in the malpighian tubules of one of the 
mallophagan parasites (Gupta, unpublished data). 
The pigment granules were insoluble in water, 
organic and mineral acids, and organic solvents, 
but readily dissolved in dilute alkalis and ethylene 
chlorhydrin; they were bleached by hydrogen 
peroxide. Their capacity to reduce ammoniacal 
silver could not be conclusively determined 
because of their original dark color. Although 
one of the general tests for melanin prescribed by 
Fox (1953) could not be carried out with certainty, 
there is every indication that the granules are 
“‘melanoid”’ in nature. 


THE HYDROGEN-ION CONCENTRATION 

The hydrogen-ion concentration of the body 
fluid of only 7. confusum and S. granarius could 
be determined. Both the pH papers and the 
indicators showed that it lay in the range of 5.8 
to 6.2. The hydrogen-ion concentration of body 
fluid of the other two species and that of mal- 
pighian tubules of all the four could not be 
ascertained with accuracy because of their 
extremely small size 


ANALYSES OF EXCRETA 

Microscopical examination.—The excretory pel- 
lets of S. granarius appear yellowish while those 
of T. confusum are light brown. About 50) 
pellets of the excreta from each species were 
crushed in four to five drops of distilled water in 
small watch glasses and left for 10 minutes in an 
oven at 40°C. The contents of the watch glasses 
were allowed to cool for about an hour and were 
then examined under a microscope. Numerous 
rhomboidal and rectangular crystals of uric acid 
(Hawk et al. 1954, fig. 220) could be clearly seen 
in the excreta of both S. granarius and T. con- 
Two drops of diluted Lugol iodine 
solution were then added to each watch glass 
and the contents were re-examined. Some of 


EXPLANATION OF PLATE I 


FIG. Cryptolestes ferrugineus: 
Approx. 112. 
Fic. 
Fic. 
Fic. 


Same as above. 


C. ferrugineus: 
Section of hindgut. 


.—C. ferrugineus: 
.—Sitophilus granarius: 
Fic. 5.—S. granarius: Same as above. 
Fic. 6.—S. granarius: 
acid. Approx. 160. 
Fic. 7.—S. granarius: 
Fic. 8.—S. granarius: 
Fic. 9.—S. granarius: 
Fic. 10.—Tribolium confusum: 
Approx. X 160. 
Fic. 11.—T. confusum: 
Fic. 12.—T. confusum: 
13. 


Fic. T. confusum: Section of hindgut. 


Section of fat body and malpighian tubule. 


Haematoxylin and eosin. 
Hollande’s for uric acid. 
Section of fat body. 
Haematoxylin and eosin. 
Section of anterior portion of hindgut and Malpighian tubule 


Section of malpighian tubule. 
Posterior portion of hindgut. 
Posterior portion of hindgut. 
Section of fat body and malpighian tubule. 


Section of hindgut and malpighian tubule. 
Section of hindgut and malpighian tubule. 
Haematoxylin and eosin. 


Hollande’s for uric acid 
Approx. 112 
Approx. 240. 
Hollande's for uric acid. Approx 
Approx. 112. 


X 240. 


Hollande's for uri 
Approx. 240. 
Approx. 112. 
Approx. 80. 
Hollande’s for 


Haematoxylin and eosin. 
Hollande’s for uric acid. 
Haematoxylin and eosin. 
uric 


Unstained. Approx. X80. 
Hollande’s for uric acid: 
«80. 


Approx. X80 


ABBREVIATIONS USED 


Di, Diverticulum of midgut; Ft, 
pighian tubule; Nu, Nucleus; Ur.A, Uric acid. 


Fat body; Gr, Granules; Hg, Hindgut; I, 


Intima; Mg, Midgut; Mt 
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Table 3. 


Weight of 
dry excreta 


Insects Replicates 


T. confusum 
C. ferrugineus 


S. granarius 


the particles in the excreta of T. confusum clearly 
indicated the presence of starch, but this could 
not be definitely established in those of S. 
granarius. 

Qualitative analyses.—A small amount of undi- 
gested starch was present in the excreta of T. 
confusum but not in those of S. granarius. Posi- 
tive reaction for amino acid was obtained from 
the excreta of both species but reducing sugars 
were not detectable. Spot tests for phosphates 
and ‘‘enol groups” were quite clear; urea in traces 
was also suspected. Lactic, acetic, oxalic and 
salicylic acids, creatine, creatinine and ammonia 
were not found. 

Quantitative estimation of uric acid in the 
excreta.—The amounts of uric acid found in the 
excreta of 7. confusum, C. ferrugineus, and S. 
granarius are given in table 3. 

It is evident from the data in the table that, of 
the three species, the excreta of S. granarius 
contained the least amount of uric acid, an 
average of 11.68% as compared to 17.67% in 
T. confusum and 19.58% in C. ferrugineus. 

Estimation of total nitrogen in the excreta.—The 
amounts of total nitrogen found in the excreta of 
T. confusum and S. granarius are given in table 4. 

The average nitrogen content in the excreta of 
T. confusum (0.06553 mg.) is more than 1% 
times that of S. granarius (0.04106 mg.). 

A comparison of the figures in the last column 
of the tables 3 and 4 points to the significant fact 
that in both T. confusum and S. granarius 
practically all nitrogen is eliminated as uric acid. 


DIscussION 

Not much is known about the physiology of 
excretion of the beetles infesting stored grain or 
its products. As in other insects, the organs 
concerned in the elimination of nitrogenous 
wastes in these beetles are mainly the malpighian 
tubules, a portion of the gut, and the fat body. 
It is interesting to note, however, that three of 
the four species, 7. confusum, C. ferrugineus, and 
C. turcicus, belong to one group in which only the 
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Uric acid in the excreta of T. confusum, C. ferrugineus, and S. granarius 
(All weights are given in milligrams.) 


Uric acid 
nitrogen 
per mg. 

of excreta 


Percentage 
of uric 
acid in 
excreta 


Amount of 
uric acid 
in excreta 


0618 
0544 
0604 
0625 
0722 
0611 
0384 
0419 
0365 


18.56 
16.34 
18.12 
18.75 
21.67 
18.33 
11.52 
12.57 
10.95 


malpighian tubules play an active role. In S§ 
granarius, on the other hand, nitrogenous wastes 
do not appear to be eliminated through the 
malpighian tubules but are partly excreted 
through the wall of the anterior intestine and 
partly remain stored in the fat body. The 
midgut does not take part in the elimination of 
uric acid and urates in any of the four species 
examined. In this respect the present observa- 
tions are at variance with those of von Gorka 
(1914) on Gnaptor and Necrophorus and those 
of Leifert (1935) on Antheraea. The finding that 
uric acid and urates present in the excreta of 
S. granarius enter the gut through the anterior 
intestine and not through the midgut is in con- 
Table 4.—Total nitrogen in the excreta of T. confusum 
and S. granarius (All weights are 
given in milligrams. ) 

Nitrogen 

per mg. ot 
excreta 


Weight | Nitrogen 
Repli- of in 
cates excreta excreta 


Insect 


28020 
33624 
35025 
26629 
29421 
21715 


0.06830 
0.06340 
0 06490 
0.04034 
0 04264 
0.04021 


T. confusum 


S. granarius 


formity with similar observations on Peri planeta, 
Aulacophora, and Ferficula (Srivastava and 
Gupta, unpublished data). In all of these the 
nitrogenous wastes do not seem to be eliminated 
through the malpighian tubules. 

The absence of solid concretions of uric acid 
from the lumen of the malpighian tubules of 
T. confusum, C. ferrugineus, and C. turcicus 
provides evidence that the urine remains a 
more or less clear fluid and that, unlike what 
was found in Rhodnius (Wigglesworth 1931) and 
Corcyra larvae (Srivastava 1958), the absorption 
of water resulting in the precipitation of uric 
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acid and urates takes place mainly in the hindgut 
and not in the tubules. In this respect our views 
are in accord with those of Patton and Craig 
(1939), who found that the malpighian tubules 
in Tenebrio larvae served only to absorb materials 
from the hemolymph, the entire reabsorption of 
water and utilizable materials taking place in the 
walls of the rectum. Thus it may be concluded 
that the excretory organs of these three species 
conform to the second type of malpighian system 
described by Patton (1953). 

The presence of pigment granules, reported 
here for the first time, in the malpighian tubules 
of T. confusum, C. ferrugineus, and C. turcicus 
is significant. Only one other example, Laemobo- 
thrion percnopteri (Gervais) (Mallophaga, Laem- 
obothriidae), is so far known to contain such 
granules among insects (Gupta, unpublished 
data). Their color pattern and resistance to 
various solvents lead us to believe that these are 
“melanoid” and do not contain uric acid and 
urates. The absence of the pigment granules 
from the malpighian tubules of only S. granarius 
and their presence in those of the other three 
species studied provide an additional proof that 
the stored-grain beetles are divided into two 
main groups with regard to their excretory mech- 
anism, although they all have similar food. It is 
possible that this physiological differentiation 
may have been inherited and the ancestors of 
these beetles may have had different food and 
feeding habits. 

The quantitative estimations of total nitrogen 
and uric acid nitrogen in the excreta of both 7. 
confusum and S. granarius indicate that prac- 
tically the entire nitrogen is excreted as uric acid. 
This is in agreement with the observations of 
earlier workers on different groups of insects 
feeding on a variety of substances (Roeder 1953). 
However, examples are known in which the 
excreta of different insects show a wide variation 
in the amount of uric-acid (Wigglesworth 1953); 
in the fasting mealworm Tenebrio more than 50% 
of the excreta is reported to be uric acid, while it 
is only 3.20,-4.7% in those of Melanoplus 
bivittatus (Say). The large difference in the 
quantity of uric acid in these insects may be due 
to several causes, viz., nature of food and feeding 
habits, mode of digestion, and the organs con- 
cerned in the intermediary metabolism of nitro- 
genous waste products. Besides these factors, 
the amount of water entering the body of an 
insect either through its food or by osmosis (e. g.., 
in mosquito larvae) is also likely to influence the 
physical and chemical nature of the urine. All 
the species of beetles investigated here live under 
more or less similar conditions and have practic- 
ally equal chance for obtaining water; their food 
is also identical. It is, therefore, reasonable to 
look for an explanation of the differences in the 
amount of uric acid in their excreta either in the 
mode of their digestion or in the mechanism 
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concerned in the elimination of nitrogenous 
wastes. The large percentage of uric acid in the 
excreta of Tenebrio, Tineola, etc., and also in all 
these stored-grain beetles (as compared to only 
about 3%-5% in that of the phytophagous 
species M. bivittatus) is probably due to their dry 
food, rich in nutrients. But the differences in 
the amount of uric acid in the excreta of S. 
granarius, T. confusum, and C. ferrugineus can 
be correlated with the fact that the mechanism 
of their excretion is different. Since only a part 
of the nitrogenous wastes reaches the hindgut in 
S. granarius, it follows that the amount of uric 
acid in its excreta should be less than that in the 
other two species where practically the entire 
quantity finds its way into the gut. There is 
every reason to believe that the low percentage of 
uric acid in the excreta of S. granarius, compared 
to that in the other species, is due mainly to the 
absorption and retention of a portion of the nitro- 
genous wastes by its fat *body. The small 
difference in the uric acid content of the excreta 
of T. confusum and that of C. ferrugineus may 
possibly be due either to the amount of the 
pigment granules as “storage excretion’’ in the 
malpighian tubules of the two species or to the 
difference in their systematic position. 

Two factors, acting either individually or 
jointly, can be responsible for the unusually low 
pH of the contents of the hindgut in the stored- 
grain beetles: (1) the food residue passing from 
the midgut into the hindgut may not have a high 
pH value, and (2) some organic acids may be 
added to the residue after it is received in this 
region of the gut. The hydrogen-ion concentra- 
tion of the posterior midgut of 7. confusum and 
C. ferrugineus is reported to be approximately 
5.2 (Sinha 1959), and probably the food residue 
passing from this region into the hindgut will have 
about the same pH. In S. granarius, on the 
other hand, the pH of the posterior midgut is 
high, being approximately 8.4, and therefore the 
pH of the food residue that passes into its hindgut 
should also be high. Since neither bacteria nor 
the organic acids (lactic, etc.) likely to be pro- 
duced as a result of fermentation could be detected 
in the contents of the hindgut, it seems reasonable 
to assume that addition of large quantities of 
uric acid should make a substantial contribution 
towards lowering the pH of this portion of the 
alimentary canal. In fact, this is in conformity 
with several instances already known from other 
groups of insects, such as the clothes moth 
(Sitowski 1905; Schulz 1925) and Psychoda and 
Chironomus larvae (Crozier 1924), in which it had 
been reported that the alkaline reaction of the gut 
contents changes to acid at the point of discharge 
from their malpighian tubules. Wigglesworth’s 
(1931) observation on Rhodnius, that the acidity 
in the lower segment of the tubule is due to uric 
acid, also supports the suggestion that this weak 
acid is capable of lowering the pH 
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There may be, however, a limit to the extent 
to which uric acid can influence the hydrogen-ion 
concentration. Wigglesworth (1931) pointed out 
that although, theoretically, a saturated solution 
of uric acid should have a pH of about 4.3, the 
solution at room temperature gave a value of 6.5. 
On checking the pH of saturated solution of uric 
acid in distilled water at about 23° C. with the 
indicator dyes, it was found to be 4.0-4.6. More- 
over, as uric acid and its salts are prone to form 
supersaturated solutions, especially in biological 
fluids, it is possible that an excess of these sub- 
stances, under favorable circumstances, may be 
capable of lowering the pH almost close to the 
theoretical value. Sinha’s (1959) finding that 
the pH of the content of hindgut in the 10 species 
of the stored-grain beetles remains around 4, 
regardless of the pH of the posterior midgut, 
provides further evidence that the large quantity 
of uric acid in the hindgut can influence the pH 
only to this extent. It may be concluded that 
the presence of a large quantity of uric acid can 
appreciably lower the pH of the contents of 
hindgut. 
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CERATOPOGONIDAE (DIPTERA) REARED FROM CACTI, WITH A 
REVIEW OF THE COPIOSUS GROUP OF CULICOIDES' 


W. W. WIRTH? ano A. A. HUBERT? 


ABSTRACT 


Fourteen species of Ceratopogonidae were reared 
from cacti in California, Baja California, Arizona, and 
Texas. Thirteen are new to science: Forcipomyia 
desertensis, F. christiansont, Dasyhelea cactorum, D. 
pentalineata, D. ryckmani, Culicoides arizonensis, C. 


The purpose of this paper is to name and pro- 
vide aids for identification of the species of 
Ceratopogonidae (=Heleidae) that breed in 
rotting parts of cacti. Thirteen new species 
belonging to the genera Culicoides, Dasyhelea, 
and Forcipomyia are described from California, 
Baja California, and Texas. Because the Culi- 
coides species all belong to the Copiosus Group, 
it was necessary to revise this group and include 
a diagnosis, discussion of distribution and habits, 
and a key to the nineteen known species. 

Most of the material forming the basis of this 
study was reared by R. E. Ryckman and his 
associates, C. P. Christianson, J. P. Fonseca, R. D. 
Lee and C. T. Ames, of the Department of Micro- 
biology, College of Medical Evangelists, Loma 
Linda, California. Collection of a substantial 
portion of the specimens was made possible by a 
grant-in-aid (E-874) to Ryckman from the 
National Institutes of Health of the U. S. Public 
Health Service. The biological studies will form 
a separate paper by Ryckman immediately fol- 
lowing in this journal. 

Robert H. Jones, of the Entomology Research 
Division, U. S. Department of Agriculture, 
furnished a long series of Culicoides reared from 
cactus at Kerrville, Texas, as well as extensive 
light-trap material obtained in Texas. We also 
studied large light-trap collections provided by 
G. D. Butler, of the University of Arizona, and 
H. K. Gloyd, of the Chicago Natural History 
Museum, and a reared collection from Miss 
Marian Adachi, of the University of Arizona. 
We are greatly indebted to Luis Vargas, of the 
Instituto de Salubridad y Enfermedades Tropi- 
cales, Mexico City, for the loan of paratype slides 
of Culicoides bakeri Vargas and C. wirthomyia 
Vargas for comparison. 

We wish to thank Miss Thelma Ford, of the 
Walter Reed Army Institute of Research, for 
preparing the illustrations and Miss Sally Craig, 
of the Medical Audio Visual Department of the 
Walter Reed Army Institute of Research, for 
making the wing photographs 
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butleri, C. cacticolus, C. insolatus, C. jonesi, C. ryckmani, 
C. sitiens and C. torridus. The Culicoides species all 
belong to the Copiosus Group, which is reviewed with a 
diagnosis, discussion of distribution and habits, and a 
key to the 19 known species. 

In this paper measurements are of single speci- 
mens or of series, with values given as ‘‘mean 
(minimum value—maximum value, n=number 
of measurements)”. Wing length is measured 
from the basal arculus to the wing tip. Propor- 
tions given for antennal and palpal segments 
refer to lengths of segments; the antennal ratio 
is determined by dividing the combined length of 
the distal five by that of the preceding eight, the 
palpal ratio is the length of the third segment 
divided by the greatest breadth, and the tarsal 
ratio is the length of the hind basitarsus divided 
by the length of the second tarsomere. Length 
of the spermathecae is obtained by measuring 
from the tip of the sclerotized portion of the neck 
(or from the opening of the duct when no neck is 
present) to the apex of the spermatheca. All 
descriptions, except for the scutal patterns, are 
based upon slide-mounted material. 

The types of our new species are deposited in 
the U. S. National Museum in Washington. 
Paratypes, when available, will be deposited in 
the British Museum (Natural History) in Lon- 
don; Gorgas Memorial Laboratory, Ancon, Canal 
Zone; Universidade de Sao Paulo, Sado Paulo, 
Brazil; Instituto de Salubridad y Enfermedades 
Tropicales in Mexico City; California Academy of 
Sciences, San Francisco; California Insect Survey, 
Berkeley; University of Arizona, Tuscon; and 
College of Medical Evangelists, Loma Linda, 
California. 


Subfamily Forcipomyiinae 


Genus Forcipomyia Meigen 


Forcipomyia desertensis Wirth and Hubert, 
new species 
(Figures 1, 22) 


FEMALE. 1.47 (1.42-1.52, 
n=4) mm. 

Head: Brown, proximal series of antennal 
segments paler. Eyes bare. Antenna with lengths 
of flagellar segments in proportion of 40-32-32 
32-31-31-30-30-45—45-50-50-54, antennal ratio 
0.93 (0.91-0.95, n=5); proximal segments short 
tapering, distal series long tapering, last segment 
with terminal papilla. Palpal segments with 
lengths in proportion of 20-30-80-35-28, third 
segment 2.5 (2.4-2.6, n=6) times as long as 


Length of wing 


639 





640 


greatest breadth, swollen on basal half, very 
slender on distal half, with a fairly small deep 
pit on swollen portion opening by a slightly 
smaller pore. 

Thorax: Dark brown, scutum dull pollinose 
with abundant dark brown long erect hairs and 
golden brown appressed hairs; pale spot on hu- 
merus and upper pleuron, lower pleuron dark 
brown; scutellum pale brown mesad, dark brown 
on sides, with numerous long black bristles and 
golden brown hairs. Legs pale yellowish brown, 
hind femur with apical two-fifths slightly darker, 
with numerous erect dark brown bristles and 
appressed golden brown hairs; tibiae without 
lanceolate scales but with extremely long erect 
extensor bristles; hind basitarsus 0.82 (0.77-0.90, 
n=6) times as long as second tarsomere, also 
with long, erect bristles. 

Wing: With dark brown vestiture, darker 
areas over second radial cell and in a longitudinal 
streak in cell R;, macrotrichia especially dense on 
these dark areas and along costa; small bare 
yellow spots at end of costa and over r-m cross- 
vein; costa extending to 0.40 (0.39-0.41, n=4) 
of distance to wing tip. Halter with stem 
slightly infuscated, knob whitish in pinned 
specimens. 

Abdomen: Dark brown above, pale brown 
ventrally; dorsum with numerous long, semi- 
appressed, dark brown hairs; pleura with promi- 
nent clumps of golden brown hairs; venter with 
dark brown erect hairs and golden brown ap- 
pressed hairs. Spermathecae two, subequal, each 
measuring about 0.135 mm. by 0.052 mm., 
shapes irregular and elongate, sac-like, broadest 
on unattached end, surface prominently rugulose 
transversely. 

MAte.—Tarsal ratio 0.78 (0.69-0.81, n=6). 
Color of thorax and legs similar to that of female; 
wing much paler with the small costal spots and 
crossvein whitish, dark brown areas over radial 
cells and along vein Cui, prominent dark brown 
hairs on radial cells and along costa, vestiture 
finer elsewhere on wing; antennal plumes dark 
brown; abdomen with broad basal segmental 
bands of pale integument leaving distolateral 
brown spots on each segment; genitalia dark 
brown with pale dististvles. 

Genitalia as figured; dististyle nearly straight 
and tapered gradually to rather blunt tip. 
Aedeagus sessile at base, without basal arch, 
triangular in outline, gradually tapering to a 
pointed distal tip. Parameres with very stout 
basal apodemes, fused on proximal two-thirds, 
the relatively short distal filaments slender with 
pointed tips. 
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Distribution.—California, Baja California. 

Types.—Holotype female, allotype male, San 
Dimas Canyon, Los Angeles Co., Calif., 24 Nov. 
1957, C. P. Christianson and J. P. Fonseca, 
reared from Opuntia occidentalis, (type no. 64,697, 
USNM). Paratypes, 79 males, 62 females, same 
data as types; 1 male, 4.4 miles S. San Felipe, 
Baja California, Mexico, 26 Dec. 1957, C. P. 
Christianson, reared from cactus. 

Discussion.—In Wirth’s (1952) Heleidae of 
California, desertensis keys out to townesi Wirth, 
but that species has the scutum shining (errone- 
ously given as dull in Wirth’s key), the legs are 
dark brown, the spermathecae are regularly oval 
in shape and not rugulose, the basistyles in the 
male have a dense patch of black setae near the 
base mesally and the parameres are fused only a 
very short distance basally. 


Forcipomyia christiansoni Wirth and Hubert, 
new species 
(Figures 2, 23) 
FEMALE.—Length of wing 1.22 (1.17-1.27, 
n=7) mm. 

Head: Brown; eyes bare. Antenna with lengths 
of flagellar segments in proportion of 36-30-30 
30-30-30-30-30—40—-40-40-41-55, antennal ratio 
0.86 (0.85—-0.88, n=3), proximal series of segments 
short tapering, distal segments long tapering, last 
segment with terminal papilla. Palpal segments 
with lengths in proportion of 20-30-65-30-30, 
third segment moderately swollen in mid _ por- 
tion, 2.9 (2.8-3.1, n=3) times as long as greatest 
breadth, distal fourth slender, swollen portion 
with an irregular, deep pit opening by a small 
pore. 

Thorax: Dark brown; integument dull; scutum 
and scutellum with numerous erect, dark brown, 
bristly hairs and mixed whitish and dark brown 
appressed scales. Legs dark brown; small knee 
spots vellow; bases of hind and mid femora pale; 
all tibiae with narrow subbasal rings and fore and 
hind tibiae with moderately broad apical, yel- 
lowish rings; tarsi with very narrow segmental 
pale rings; hind basitarsus 1.05 (1.00-1.11, n=5) 
times as long as second tarsomere. 

Wing: With dark brown vestitutre, appearing 
shaggy, macrotrichia especially long and blackish 
along costa. Halter pale in pinned specimens. 

Abdomen: Dark brown, with numerous erect 
dark brown hairs and appressed tomentum. 
Spermathecae two, slightly unequal, measuring 
0.081 mm. by 0.053 mm. and 0.082 mm. by 
0.048 mm., shapes elongate oval, not tapering 
towards ducts, surface with very faint pale 
punctures 


EXPLANATION OF PLATE I 


Wings of Ceratopogonidae. 
4.—D. pentalineata; 5. 
10.—C. sitiens; 11.—C. 
copiosus; 17.—C. 


cacticolus; 12.—C. torridus; 13. 
hinmani; 18.—C. borinqueni; 19. 


Fic. 1.—Forcipomyia desertensis; 
-D. ryckmani; 6.—Culicoides loughnani; 7. 
GC 
C. pilosus; 20. 


F. christiansoni; 3.—Dasyhelea cactorum; 
jamaicensis; 8.—C. butleri; 9.—C. jonesi; 
arizonensis; 15.—C. ryckmani; 16.—C 
C. panamensts. 


9 
Cc. 
14.—C. 
C. poikilonotus; 21. 


insolatus; 
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MALeE.—Tarsal ratio 1.12 (1.09-1.15, n=2). 
Color similar to that of female. Wing with 
brown areas on radial cells, along anterior margin 
beyond end of costa, and on vein Cu; prominent 
dark hairs on radial cells, radial veins and along 
costa, finer dark hairs in patch beyond costa 
and on Cu, vestiture elsewhere on wing pale and 
fine; antennal plumes dark brown; abdomen dark 
brown. 

Genitalia dark brown, dististyle whitish, slender 
and slightly curved to a sharp point. Aedeagus 
with short basal arms, main portion triangular in 
outline, coming to a sharp distal point, ventral 
surface of aedeagus with a pair of widely sepa- 
rated, more clearly sclerotized, longitudinal lines. 
Parameres with slender basal apodemes, bases 
broadly separated by a distance of two-thirds of 
total basal width, the basal bridge with indistinct 
posterior margin but apparently about twice as 
broad as basal breadth of a paramere, the latter 
moderately broad at base, tapering to a slender 
pointed tip extending to level of tip of aedeagus. 

Distribution.—California. 

Types.—Holotype female, allotype male, San 
Dimas Canyon, Los Angeles Co., Calif., 24 Nov. 
1957, C. P. Christianson and J. P. Fonseca, 
reared from Opuntia occidentalis, (type no. 64,698, 
U.S.N.M.). Paratypes, 3 males, 8 females, same 
data as type. 

Discussion.—Forcipomyia christiansoni is simi- 
lar in many respects to F. cinctipes (Coquillett) 
and F. varipennis Wirth and Williams, which also 
have shaggy wings and banded legs, but these 
species have the pale leg bands more extensive, 
including an apical pale band on the mid tibia. 
The pale bands on the fore and mid tibiae of 
christiansoni may not be apparent in some 
specimens. 

This species is named in honor of Mr. C. P. 
Christianson of the Loma Linda College of 
Medical Evangelists, who helped with the field 
study of the Diptera associated with cacti. 


Subfamily Dasyheleinae 
Genus Dasyhelea Kieffer 


Dasyhelea cactorum Wirth and Hubert, 
new species 
(Figures 3, 24) 
Length of wing 0.96 (0.69-0.98, 
(See note in discussion section). 
Head: Dark brown, including antenna and 
palpus. Antenna with lengths of flagellar seg- 
ments in proportion of 16—14—15-17-16-16-16 
17-18-19-18-16-22, antennal ratio 0.72 (0.70 


may 


0.73, n=9); all segments moderately short taper- 


FEMALE. 
n=7) mm. 
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ing, last segment without terminal papilla. Pal- 
pal segments with lengths in proportion of 9-28 
12-19, true third or antepenultimate segment 
2.2 (1.8-2.5, n=9) times as long as greatest 
breadth, with numerous stalked sensilla scattered 
along mesal surface of segment. 

Thorax: Dark brown; scutum in_ pinned 
specimens appearing blackish, with dense grayish, 
sometimes bluish-gray, pollen, with black mark- 
ings appearing as three narrow longitudinal vittae 
extending from anterior margin to scutellum; 
the lateral vittae, which form the fourth and 
fifth bands in pentalineata, not usually distinct 
in this species; humeri often indistinctly yellow- 
ish: scutellum blackish in middle, more or less 
yellowish on lateral ends. Legs pale brown, 
knee spots blackish; distal comb of hind tibia 
with 8 (7-8, n=10) spines; hind basitarsus 2.5 
(2.3-2.6, n= 10) times as long as second tarsomere. 

Wing: Venation as figured; costa extending to 
0.51 (0.49-0.52, n=10) of distance to wing tip; 
second radial cell slightly longer than broad, with 
oblique apex, the lumen not very distinct. 
Macrotrichia long and dense around margin of 
wing, sparser and arranged in lines along and 
paralleling veins on discal part of wing. Halter 
infuscated, the flat end of the knob white 

Abdomen: Black, terga with small angular 
white spot on each caudolateral angle; venter 
pale. Spermatheca one, measuring 0.076 mm 
by 0.052 mm., oval to slightly pyriform, with 
small, slender, slightly oblique, sclerotized neck 

MALE GENITALIA.—Ninth sternum produced 
broadly caudad flush into basal arch of aedeagal 
sclerotization; ninth tergum broadly rounded, 
caudomedian margin nearly straight, with very 
small apicolateral processes borne on corners of a 
broad, lightly sclerotized mesal plate. Basistyle 
without sclerotized mesal hook; dististyle mark- 
edly curved, stout at base, slender distally with 
sharp distal point. Aedeagus with broad H- 
shaped sclerotization, the two caudal processes of 
the H slender, not as far apart as the somewhat 
arcuate basal arms of the H, the latter each with 
a slender lateral sclerotized process penetrating 
mesal side of basistyle. Parameres asymmetrical, 
basal apodemes each with relatively small, an- 
gular anterior process, the median caudal blade 
slender and curved, the sharp, ventrally curved 
tip with semiappressed subapical pubescence 

Distribution.—Baja California, California, Ari- 
zona. 

Types.—Holotype male, allotype female, 4 mi 
S. San Felipe, Baja California, Mexico, 26 Dec 
1957, C. P. Christianson, reared from Lophocereus 
schottii, (type no. 64,699, U.S.N.M.). Paratypes, 


EXPLANATION OF PLATE II 


Ceratopogonidae. Fic. 22. 
D. ryckmant; 26.—D. pentalineata. 
F. christiansoni and scutal pattern of D. pentalineata. 


Forcipomyia desertensis; 23.—F. 
a, female palpus; b, female spermathecae; c, 


christiansoni; 24.—Dashyhelea cactorum; 25 
male genitalia; d, leg bands of 
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65 males, 36 females: BAJA CALIFORNIA.—29 
males, 24 females, same data as type. CALI- 
FORNIA.—2 males, 4 females, San Dimas Canyon, 
Los Angeles Co., 24 Nov. 1957, C. P. Christianson 
and J. P. Fonseca, reared from Opuntia occiden- 
talis, 2 males, same but 2 Feb. 1958, R. E. 
Ryckman, reared from cactus. 1 male, Indian 
Wells, Imperial Co., 28 Nov. 1957, R. E. Ryck- 
man, reared from cactus. ARIZONA.—2 males, 
33 mi. E. Gila Bend, Pinal Co., 11 Feb. 1958, 
R. E. and E. T. Ryckman, reared from cactus. 
S males, 2.2 mi. and 4.7 mi. N.E. Morristown, 
Maricopa Co., 10 Feb. 1958, R. E. and E. T. 
Ryckman, reared from: cactus. 21 males, 8 
females, Saguaro Nat. Mon., 27 June 1958, S. 
Alcorn, reared from rotted saguaro cactus. 

Discussion.—This species is very difficult to 
distinguish from pentalineata n. sp., except in 
slide-mounted material where the male genitalia 
and female spermathecae provide positive charac- 
ters for separation. Costal length provides a 
separation, the ratio to wing length being 0.49 
to 0.52 in cactorum and 0.44 to 0.48 in pentalineata. 
The scutal pollinosity is a brighter bluish color in 
pentalineata, and the extreme lateral black vittae 
are more prominent in that species, forming five 
very distinct black stripes. 

The wing lengths of the three very small 
measured specimens from Saguaro National 
Monument, Arizona, were excluded when averag- 
ing wing measurements for the species. If in- 
cluded, they would have affected the average 
disproportionately. However, the minimum 
length given is from one of these specimens. 
All other measurements from these three slides, 
including the costal ratio, were averaged with the 
material from other localities. 


Dasyhelea pentalineata Wirth and Hubert, 
new species 
(Figures 4, 26) 

FEMALE.—Length of wing 0.89 (0.86-0.91, n= 
7) mm. 

Head: Dark brown, including antenna and 
palpus. Antenna with lengths of flagellar seg- 
ments in proportion of 15-12-13-14-14-14-14 
15-16-16—-15-15-18, antennal ratio 0.72 (0.71 
0.74, n=7), all segments short tapering, last 
segment without terminal papilla. Palpal seg- 
ments with lengths in proportion of 7—-23-11-14, 
true third or antepenultimate segment 2.1 (1.8 
2.3, n=8) times as long as greatest breadth, with 
a few stalked sensilla scattered on mesal surface 
of segment. 

Thorax: Dark brown; scutum appearing black- 
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ish, with dense bluish gray pollen, with five very 
distinct, narrow, black longitudinal vittae from 
anterior margin to scutellum; humeri more or less 
yellowish; scutellum yellowish, more or less 
dark brown in mid portion. Legs moderately 
dark brown; knee spots blackish; distal comb of 
hind tibia with 8 (7-8, n=8) spines; hind basi- 
tarsus 2.7 (2.7—2.8, n=7) times as long as second 
tarsomere. 

Wing: Venation as figured; costa extending 
to 0.46 (0.44-0.48, n=7) of distance to wing tip; 
second radial cell slightly longer than broad, with 
oblique apex, the lumen indistinct. Macrotrichia 
long and dense around margin of wing, sparser 
and arranged in lines along and paralleling veins 
on discal part of wing. Halter dark brown, in 
dry specimens with flat end of knob white. 

Abdomen: Black, terga with small angular 
white spot on each caudolateral angle; venter 
pale. Spermatheca one, measuring 0.062 by 
0.038 mm., markedly pyriform, gradually and 
somewhat obliquely tapering to small sclerotized 
neck. 

MALE GENITALIA.—Ninth sternum triangularly 
produced caudomesad and ending in a blackish 
sclerotized point ventral to middle of aedeagus; 
ninth tergum rounded caudad with very short 
apicolateral processes on the apicolateral corners 
of a lightly sclerotized mesal plate. Basistyle 
without mesal sclerotized hook; dististyle only 
slightly curved, not stout at base, only gradually 
narrowed to blunt tip. Aedeagus broadly H- 
shaped, about twice as broad as long. Para- 
meres with very stout basal apodemes, asymmetri- 
cal, with a broadly rounded, stout sclerotized 
process on each side anteriorly. The median 
caudal blade very stout at base and heavily 
sclerotized along one margin, distally tapering 
to a slender simple tip curving ventrocephalad 

Distribution.—Baja California, California. 

Types.—Holotype male, allotype female, 4 mi. 
S. San Felipe, Baja California, Mexico, 26 Dec. 
1957, C. P. Christianson, reared from Lopho- 
cereus schottii, (type no. 64,700, U.S.N.M.) 
Paratypes, 46 males, 61 females: BAJA CALI- 
FORNIA.—17 males, 11 females, same data as 
type except locations 3, 4, 4.4, 6, 15, 16 and 20 
mi. S. San Felipe, 24 and 26 Dec. 1957, reared 
from cacti. 25 males, 49 females, N. San Felipe, 
6 Oct. 1953, Ryckman, Lee and Ames, reared 
from cactus. CALIFORNIA.—3 males, 1 female, 
San Dimas Canyon, Los Angeles Co., 24 Nov 
1957, C. P. Christianson and J. P. Fonseca, 
reared from Opuntia occidentalis. 

Discussion.—This species has more distinct 


EXPLANATION OF PLATE III 


Culicoides species. FiG. 27.—loughnani; 28. 
torridus. 


e, scutal pattern of torridus. 


butleri; 29. 
a, female palpus; b, female spermathecae; c, male parameres; d, male genitalia, parameres removed; 


jonesi; 30.—sitiens; 31.—bakeri; 32.—cacticolus; 33. 
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scutal vittae than cactorum and the scutal back- 
ground is more bluish, but the species is more 
readily distinguished by the females having 
smaller, more decidedly pyriform spermathecae, 
and by the males having parameres with very 
stout basal apodemes with stout, rounded anterior 
lobes. 


Dasyhelea ryckmani Wirth and Hubert, 
new species 
(Figures 5, 25) 
FEMALE.—Length of wing 0.77 (0.72-0.82, n= 
9) mm. 

Head: Dark brown, including antenna and 
palpus. Antenna with lengths of flagellar seg- 
ments in proportion of 13-11—12—13-13-12-12- 
13-16-16-15-13-18, antennal ratio 0.78 (0.75 
0.79, n=6), all segments short tapering, penulti- 
mate segment markedly shortened, more so than 
in related species; distal segment without ter- 
minal papilla. Palpal segments with lengths in 
proportion of 9-27-10-14, true third or ante- 
penultimate segment 2.3 (2.1-2.6, n=6) times as 
long as greatest breadth, with a few stalked 
sensilla scattered on mesal surface of segment. 

Thorax: Dark brown: scutum blackish with 
dark gray pruinescence; humeri yellow; scutellum 
dark brown to blackish. Legs dark brown, knee 
spots blackish; distal comb of hind tibia with 8 
(7-8, n=8) spines; hind basitarsus 2.5 (2.3-2.6, 
n=Q) times as long as second tarsomere. 

Wing: Venation as figured; costa extending to 
0.47 (0.45-0.49, n=9) of distance to wing tip; 
second: radial cell with oblique apex, nearly as 
broad as long, with indistinct lumen. Macro- 
trichia long and numerous around margin of wing, 
sparser and arranged in lines along and paralleling 
veins on discal part of wing. Halter infuscated, 
the flat end of the knob white. 

Abdomen: Black, terga with small angular 
white spot on each caudolateral angle, venter 
pale. Spermatheca one, measuring 0.049 mm. 
by 0.032 mm., retort-shaped, with long, fairly 
stout, tapered neck arising obliquely. 

MALE GENITALIA.—Ninth sternum triangularly 
produced caudad, ending in a low conical median 
lobe on aedeagus; ninth tergum rounded caudad, 
with small, papilliform apicolateral processes 
widely spaced on caudal margin. Basistyle with- 
out sclerotized mesal hook; dististyle moderately 
curved, gradually narrowed to. blunt tip. 
Aedeagus in a trapezoidal H-shape, the basal 
arms diverging anterolaterad, the slender distal 
arms convergent, with a low caudomedian lobe 
between containing a faint mesal sclerotization. 
Parameres asymmetrical, the basal apodemes 


EXPLANATION OF 


Culicoides species. Fic. 34.—insolatus; 35. 
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ribbon-like, broad laterally but narrowed mesad; 
the median caudal blade slightly sinuate, slender, 
curving ventrally to a pointed tip. 

Distribution.—California, Arizona. 

Types.—Holotype male, allotype female, San 
Dimas Canyon, Los Angeles Co., California, 24 
Nov. 1957, C. P. Christianson and J. P. Fonseca, 
reared from Opuntia occidentalis, (type no. 64,701, 
U.S.N.M.). Paratypes, 21 males, 12 females: 
CALIFORNIA.—20 males, 12 females, same data 
as type. ARIZONA.—1 male, 2.2 mi. N.E. Mor- 
ristown, Maricopa Co., 10 Feb. 1958, R. E. and 
E. T. Ryckman. 

Discussion.—This species is easily separated 
from the other two cactus-breeding Dasyhelea by 
the blacker, nonvittate scutum, much smaller 
size, retort-shaped female spermatheca, and 
ribbon-like apodemes without anterior processes 
in the male genitalia. 

This species is dedicated with pleasure to R. E. 
Ryckman in recognition of his long-standing 
interest in the ceratopogonids breeding in cacti. 

Subfamily Ceratopogoninae 
Genus Culicoides Latreille 
Subgenus Oecacta Poey 

Copiosus Group (table 1).—Small to mod- 
derately large species with very hairy wing; the 
wing pattern of well-defined, rounded pale spots, 
a pale spot usually present straddling middle of 
vein M, or lying just in front of this vein, and 
often with a similar spot at proximal third of 
vein M;; pale spot in cell M, usually widened 
toward vein M3.4, crossvein r-m never darkened; 
female palpus with third segment greatly swollen 
and bearing a deep sensory pit usually opening 
by asmaller pore; antennal segments with sensoria 
borne on segments III, XI-XV (rarely absent on 
XI and XII) and often also on some or all of 
proximal series; scutal pattern usually consisting 
of a long median anterior stripe and two shorter 
sublateral, broad longitudinal dark brown stripes, 
usually bordered more or less by grey pruines- 
cence; spermathecae two, the small rudimentary 
third spermathecae and sclerotized ring are 
present but are not mentioned in our descriptions; 
four tibial spines; male genitalia with dorsal and 
ventral roots of the basistyle simple, the ventral 
root never foot-shaped, parameres short with 
basal knob directed baso-laterad, stem swollen 
at base, without ventral lobe, the apex’ slender, 
simple and often twisted, aedeagus usually short 
and broad with low basal arch and stout basal 
arms. 

The above diagnosis is slightly modified from 


PLATE IV 


ryckmani; 37.—copiosus; 38.—hinmani. 


a, female palpus; b, female spermathecae; c, male parameres; d, male genitalia, parameres removed. 
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the one given by Wirth and Blanton (1959) in 
“The Biting Midges of Panama”’, where the four 
species occuring in Panama were described in 
detail. The descriptions of those species, jamai- 
censis Edwards, panamensis Barbosa, pilosus 
Wirth and Blanton, and poikilonotus Macfie, will 
not be repeated here, but for comparison wing 
photographs (figures 19-21) and a tabulation 
(Table 1) of the mean quantitative characters 
are included. Additional species which belong 
to this group are: bakeri Vargas, boringueni Fox 
and Hoffman, copiosus Root and Hoffman, 
hinmani Khalaf, loughnani Edwards, propinquus 
Macfie, wirthomyia Vargas, and the eight new 
species reared from cactus herein described. C. 
hinmani was redescribed by Jones and Wirth 
(1958) ; redescriptions are given here of borinquent, 
copiosus, and loughnani. Material adequate for 
redescription of bakeri, propinquus and wirthomyia 
is not available. 

Of the included species the larval habitats are 
known for the following: 


and H. 
hinmani Khalaf 


Tree hole 
Tree he le 


Fox and Hoffman (1944) 
Wirth (1952), Wirth and 
Bottimer (1956), 
queni, misident. 
Hoffman (1925 
Wirth and Blanton (1959) 
Ryckman and Ames (1953 


boringueni F. 


as borin 


Rotten calabash 


Flowers of Heliconia 


amaicensis Edwards 
panamensi 


ryckmani n. sp 


Barbosa 
Cactus 


is Copiosus, misident 


Breeding records from cactus were obtained in 
the present material by Ryckman for: arizonen- 
sis n. sp., butleri n. sp., cacticolus n. sp., copiosus 
Root and Hoffman, insolatus n. Sp., Sitiens n. sp 
and forridus n. sp., and by Jones for jonesi n. sp. 
Edwards (1922) recorded loughnani and jamaicen- 
sis taken by Major Loughnan biting man in the 
afternoon in Jamaica. Ryckman, Lee, and 
Spencer took females of ryckmani, engorged with 
blood, from the nest of a house finch in a cactus 
at Indian Wells, California. 

The evidence available from this study suggests 
that primitively members of the Copiosus Group 
bred in certain types of tree holes and other 
moist habitats associated with woody plant stems 
in the Western Hemisphere. In the arid parts of 
the American tropics, where the cacti flourished, 
members of this group utilized rotting cactus 
stems, and species have evolved which ap- 
parently are restricted to variations of this 
habitat. 

KEY TO THE SPECIES OF THE CULICOIDES 

COPIOSUS GROUP 
(Mainly for Females) 
Apices of at least veias M,; and Mz pale at wing 

margin (may be difficult to see in borinqueni) 2 
Apices of veins M; and M; dark at wing margin 1] 
Wing with pale markings extensive, interconnected, 

the veins, including Cu;, pale-margined along 

nearly their entire length (Jamaica, Fla. and 

Tex.). loughnani Edwards 


Wing with pale markings less extensive, the veins 
not pale-margined except along apices 3 
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Anal cell with one pale spot in distal portion, this 
spot never reaching the wing margin q 
Anal cell with two pale spots in distal portion, the 
second spot being at or near the wing margin 
Distal pale spot in cell R; double but not separated 
into two separate spots; male parameres with 
very slender tips (Calif., Ariz., Tex.) 
cacticolus n. sp 
spot in cell R; separated into two 
male parameres with stout tips 
torridus n. sp 
elongate, without 
broad entrances to 
butleri n. sp 
entrances to ducts 
and sitiens n. sp 6 


Distal pale 
definite spots; 
(Baja Calif.) 

Spermathecae sac-like, 
sclerotized neck, but 
the ducts (Ariz.) 

Spermathecae oval or pyriform, 
slender except in jonesi n. sp. 


very 
with 


3. Spermathecae pyriform 7 


. Vein Cu, broadly pale margined; 


Spermathecae oval without sclerotized necks, the 
entrances to the ducts narrow; pale spots in 
cell M, and apex of cell R; each more or less 
divided into two separate spots; sensoria present 
on antennal segments 3-15 (Northern S. Amer 

W. Indies and Mexico) jamaicensis Edwards 
vein M, without 
pale spot in proximal portion straddling or lying 
on anterior side of vein; vein Mz with 1 pale spot 
straddling mid portion (Puerto Rico) 
borinqueni Fox and Hoffman 

Vein Cu; not pale margined; veins M,; and M, 
with pale spots at proximal or mid portion, 
straddling veins or lying on anterior sides s 

Distal pale spot in cell R; double, usually separated 
into two spots; pale spots definitely straddling 
veins M,; and M, 9 

Distal pale spot in cell R; not double; veings M, 
and Mz, usually with pale spots not straddling 
proximal portions, but ving on anterior side of 
veins; sensoria present on antennal segments 3, 
11-15; spermathecae with definite sclerotized 
necks (Mexico to Panama) poikilonotus Macfie 

Spermathecae moderately unequal, without definite 
sclerotized necks, the entrances to the ducts 
broad; sensoria present on antennal segments 
3-15; male parameres without subapical fringing 
spines 10 

Spermathecae very unequal, with short, slender, 
sclerotized necks; antennal sensoria not described; 
male parameres with subapical spines (Mexico) 

bakeri Vargas 
two thirds as broad as long; 
and Mz: pale only a short 
antennal ratio 1.13-1.19; 

mm. long (Calif., Baja 

sitiens n. sp. 


Spermathecae short, 
wing with veins M, 
distance at wing margin; 
larger, wing 1.31—1.52 
Calif., Ariz.) 

Spermathecae elongate, half as broad as long; wing 
with veins M; and Mz usually pale along nearly 
entire length; antennal ratio 0.98-1.08; smaller, 
wing 1.02—1.33 mm. long (Texas) jonesi n. sp 

Anal cell with two pale spots in distal portion, the 
second spot being at or near the wing margin, 
sometimes with these spots fused and reaching 
the wing margin 12 

Anal cell with one pale spot in distal portion, this 
spot never reaching the wing margin 14 

Cell R; with a pale spot lying immediately anterior 
to mid portion of vein M, (Mexico) 

propinquus Macfie 

Cell R; without pale spot lying immediately anterior 
to mid portion of vein M, 13 

Anterior portion of wing darkly pigmented, distal 
pale spots in cells M; and Mz: touching wing 
margin (Panama) pilosus Wirth and Blanton 

Anterior portion of wing not darkly pigmented, 
distal pale spots in cells M,; and M,: not reaching 
wing margin (E. U.S.) hinmani Khalaf (part) 


Spermathecae pyriform or retort-shaped, more or 
less unequal 15 





1960] Wirth and Hubert: 


Spermathecae subequal, subspherical, and very 
small with very short neck.‘ (Calif., Baja Calif., 
Ariz., Tex.) ryckmani n. sp. 

5. Sensoria present at least on antennal segments 4 
and 5, in addition to those on 3, 11-15 16 
Sensoria present only on antennal segments 3, 
11-15 17 
}. Spermathecae pyriform with slender sclerotized 
necks, very unequal; antennal sensoria present 
on segments 3-5 (6, 7) 11-15; male aedeagus 
with broad, truncated tip (Ariz., Calif., Baja 
Calif.) i arizonensis n. sp. 

Spermathecae oval to slightly pyriform, without 
sclerotized necks, slightly unequal; antennal 
sensoria present on segments 3-9, 11-15; male 
aedeagus with slender, stepped tip (Baja Calif.) 

insolatus n. sp. 
. Spermathecae very unequal, retort-shaped, with 
long neck arising obliquely (Panama, Guatemala) 
panamensis Barbosa 

Spermathecae slightly unequal, pyriform with short 
sclerotized neck not arising obliquely . . ne oe 

§. Third palpal segment slender, with moderately 
deep pit; wing sparsely hairy, no pale spots 
straddling veins M; and Mz, spot in cell M, lying 
immediately anterior to vein M2; antennal ratio 
1.31 (E. U.S.) hinmani Khalaf (part) 

Third palpal segment swollen with deep pit; wing 
very hairy, with definite pale spots straddling 
veins M; and M2; antennal ratio 1.03 (Mexico to 
Tex. and Calif.) copiosus Root and Hoffman 


Culicoides loughnani Edwards 
(Figures 6, 27) 

Culicoides loughnani Edwards, 1922, Bull. Ent. Res. 
13: 165 (female; Jamaica; fig. wing); Beck, 1952, 
Florida Ent. 35: 104 (Florida; male descr.); Foote and 
Pratt, 1954, Publ. Hlth. Monogr. 18:26 (redescr.; 
fig. male gen., wing, scutum, palpus); Jones and Wirth, 
1958, Jour. Kansas Ent. Soc. 31: 89 (rec. Texas). 


Female.—Length of wing 1.21 (1.08-1.34, n= 
+) mm. 

Head: Eyes moderately separate, bare. An- 
tenna with lengths of flagellar segments in pro- 
portion of 20-14—-16—16—17—17-17—17-27-29-30 
32-38, antennal ratio 1.17 (1.16-1.19, n=2); 
distal sensory tufts present on segments ITI-XV. 
Palpal segments with lengths in proportion of 
10-24-46-12-15; third segment moderately swol- 
len, 2.4 (2.3-2.5, n=4) times as long as greatest 
breadth, with a very deep sensory pit tapering 
to a slightly smaller pore. Proboscis moderately 
long; mandible with 16 (15-17, n=7) fine teeth. 

Thorax: Very dark brown, almost blackish, 
the three dark longitudinal vittae broad, sepa- 
rated by narrow whitisn lines of the grayish 
pruinose ground color of scutum. Legs pale; 
knee spots and tip of hind tibia prominently 
blackish; narrow pale rings subapically on all 
femora and subbasally on all tibiae, femora 
slightly infuscated in broad median portion. 

Wing: Pattern as figured; two very dark 
costal spots, one over second radial cell and 
second at middle of cell Rs; pale markings very 
distinctive, interconnected, veins M,, Mo, and 

‘C. wirthomyia Vargas from Mexico keys out this far 


but is insufficiently described to locate definitely in the 
key. It seems to come closest to copiosus R. and H. 
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M344 all pale margined nearly to bases, apex of 
Cu, dark; distal pale spot in cell R; double, 
broadly extending to anterior wing margin; pale 
spot in distal portion of cell Mz: reaches wing 
margin but distal pale spot in cell M; does not; 
distal pale spot in anal cell double due to fusion 
of two spots, continuous with pale area at base 
of cell. Macrotrichia very long and numerous, 
extending to base of wing; costa extending to 
0.55 (0.53-0.57, n=4) of distance to wing tip, 
second radial cell short and broad, with distinct 
lumen. Halter pale. 

Abdomen: Whitish above. Spermathecae very 
elongate, sac-like, slightly unequal, measuring 
0.076 by 0.032 and 0.069 by 0.021 mm., the 
openings to the ducts large. 

MALE GENITALIA.—Ninth sternum without 
caudomedian excavation, the ventral membrane 
not spiculate; ninth tergum with apicolateral 
processes very long and slender, tapering to 
pointed tips. Basistyle with ventral root slender, 
dorsal root longer and blunt; dististyle nearly 
straight basally, tapering to slender, slightly 
hooked tip. Aedeagus with basal arch extending 
to three-eights of total length, basal arms short 
and straight; distal stem stout, gradually tapering 
to broad, truncated tip. Parameres each with 
very short, stout, basolateral arm; stem swollen 
for a short distance at base, tapering in straight 
midportion, twisted lateroventrally distad with 
very slender, simple tip. 

Distribution.—Jamacia; St. Croix, Florida, 
Texas. 

Specimens examined.—FLoRIDA.—1 male, 1 
female, Islamorada, Monroe Co. 1 July 1950, B. 
Smith, light trap. 7 females, Sannibel Island, 
Lee Co., 12 April 1950, E. Woodring, light trap. 
2 females, Matecumbe Key, Monroe Co., | 
April 1949, Martin, light trap. TEXxAs.—Corpus 
Christi St. Park, 6 Oct. 1951, A. B. Gurney, at 
light. 

Discussion.—The extreme extent of the pale 
wing markings, the pale abdomen and the very 
elongated, saclike spermathecae are distinctive 
features of loughnant. 


Culicoides jamaicensis Edwards 
(Figure 7) 

Culicoides loughnani var. jamaicensis Edwards, 1922, 
Bull. Ent. Res. 13: 165 (female; Jamaica; fig. wing). 
Culiocoides jamaicensis, Wirth, 1955, Proc. Ent. Soc 
Washington 57: 112 (Guatemala; fig. male genitalia). 
Wirth and Blanton, 1959, Proc. U. S. Natl. Mus. 
109: 339 (male, female redescribed; figures; distribu- 

tion). 

Distribution.—Jamaica; West Indies to Trini- 
dad, Venezuela, Panama to Mexico. 

New Records—BAnAMAS, B. W. I. Rum Cay 
near Port Nelson, 16 March 1953, E. B. Hayden 
(Van Voast A.M.N.H. Exped.), 1 male. MExIco. 
—Cotaxtla, Vera Cruz, 1959, Suevara-Martell, 
Coll., reared from stem of papaya, 6 males, 1 
female. 
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Discussion.—Previous identifications of jamai- 
censis from Texas by Wirth and Bottimer (1956) 
should refer to jonesi n. sp. 


Culicoides butleri Wirth and Hubert, 
new species 
Figures 8, 28) 
Female.—Length of wing 1.12 (1.04-1.21, n= 
17) mm. 

Head: Eyes narrowly separated, bare. An- 
tenna with lengths of flagellar segments in pro- 
portion of 19-14—-15-16-16—16—15-17-22-23-24 
25-34, antennal ratio 0.99 (0.93-1.08, n=13); 
distal sensory tufts present on segments III-XV. 
Palpal segments with lengths in proportion of 
11-21-45-16-14; third segment swollen, 2.2 
(1.9-2.5, n=17) times as long as greatest breadth, 
slightly tapering proximally, with a deep sensory 
pit opening by a pore about the same diameter. 
Proboscis moderately long; mandible with 15 
(13-17, n=30) fine teeth. 

Thorax: Dark brown; 
very broad, dark brown 
separated by prominent, very narrow, whitish- 
pruinose lines; humeral pits with prominent 
small, white pruinose spot. Legs brownish, knee 
spots blackish; narrow pale rings subapically on 
fore femur and subbasally on all tibiae. 

Wing: Pattern as figured; pale spots large and 
well defined; pale spot over r-m crossvein extend- 
ing from costa across media; cell R; with two 
poststigmatic pale spots more or less fused, one 
at end of costa, the other lying behind second 
radial 9: distal portion of cell R; with two 
more or less fused pale spots oriented transversely 
across cell; pale spot straddling basal portion of 
vein M, and another straddling middle of vein 
M2; cell M,; with an oval spot in distal portion, 
located far from wing margin; cell Me with a 
small pale spot lying just in front of mediocubital 
fork and another large round one at apex of cell 
near and sometimes meeting wing margin; cell 
M, with a large round spot across middle from 
vein M3,, to wing margin; anal cell with one 
pale spot posteriorly at base and two in distal 
portion, of the latter the posterior one is much 
smaller; a pale spot straddling base of medio- 
cubital stem; narrow pale spots at wing margin 
along apices of veins M;, M2 and Mgiy. Macro- 
trichia long and numerous, extending to base of 
wing; costa extending to 0.51 (0.50-0.54, n=17) 
of distance to wing tip; second radial cell with 
distinct lumen. Halter pale. 

Abdomen: Dark brown. Spermathecae very 
elongate and saclike, slightly tapering to base 
and without neck, the opening to the duct large; 
spermathecae unequal, measuring 0.066 by 0.032 
and 0.054 by 0.025 mm. 

MALE GENITALIA.—Ninth sternum with mod- 
derately deep caudomedian excavation, the ven- 
tral membrane not spiculate; ninth tergum with 
apicolateral processes long and slightly divergent, 


scutum with the three 
longitudinal vittae 
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tapering to slender tips. Basistyle with ventral 
root slender, simple, dorsal root as long but 
stouter; dististyle straight basally, tapering and 
curving distally to a hooked tip. Aedeagus with 
basal arch high, extending to about half of total 
length, the basal arms slender and curving; 
distal portion tapering slightly to broad, truncated 
tip. Parameres each with short slender baso- 
lateral arm; stem short and basally swollen, 
tapering distally to very slender tip bent abruptly 
laterad and then ventrad. 

Distribution.—Arizona. 

T ypes.—Holotype female, allotype male, Brown 
Canyon, Baboquivari Mts., Ariz., 8 August 1953, 
G. D. Butler, light trap (type no. 64,702, U.S.N. 
M.). Paratypes: 32 males, 67 females: ARIZONA. 
9 males, 56 females, same data as type. 22 males, 
10 females, Oak Creek Canyon, Sedona Ranger 
Sta., 1 July 1953, W. W. Wirth, light trap. 2 males, 
4 females, Sabino Canyon, Pima Co., Aug. 
1953, G. D. Butler, light trap. 1 male, 1 female, 
Paradise Ranger Sta., Portal, 26 June 1953, W 
Wirth, light trap. 2 males, Pinery Canyon, 
Cochise Co., 10 July 1958, C. O’Brien, light. 

One female from Trinidad (Macqueripe U. S 
Naval Station, 3 Jan. 1958, T. H. G. Aitken, 
light trap) aopeides to be identical with dutleri, 
but in view of the geographical separation is not 
included in the type series. 

Discussion.—Culicoides jamaicensis Edwards, 
bakeri Vargas and sitiens n. sp. have wing patterns 
very similar to that of butleri, but the present 
species can readily be separated by the very 
elongate, saclike spermathecae. This type of 
spermathecae is found only in loughnani Edwards 
among the species of the C opiosus Group. 

We are naming this species in honor of G. D 
Butler of the University of Arizona, who made 
available to us extensive light-trap collections 
from which the type series was selected 


Culicoides jonesi Wirth and Hubert, 

new species 

(Figures 9, 29) 
Wirth and Bottimer (misident., 
Mosquito News 16: 263 (Texas 


jamaicensis 
1956, 


Culicoides 
not Edwards), 
records). 


Female.—Length of wing 1.15 (1.02-1.33, n= 
i6) mm. 

Head: Eyes narrowly separated, bare. An- 
tenna with lengths of flagellar segments in pro- 
portion of 21—14-14-15-16-15-15-15-21-22-24 
25-34, antennal ratio 1.03 (0.98-1.08, n=6); 
distal sensory tufts present on segments III-XV 
Palpal segments with lengths in proportion of 
10-19-47-—12-12; third segment markedly swollen, 
2.1 (1.9-2.4, n=16) times as long as greatest 
breadth, with a large, very deep, sensory pit 
opening by a smaller pore. Proboscis moderately 
long; mandible with 15 (13-18, n=24) fine teeth. 

Thorax: Dark brown; scutum with the three 
dark brown longitudinal vittae broad and promi- 





1960] Wirth and Hubert: 
nent, the pruinose gray ground color in well 
defined markings. Legs pale brown; knee spots 
blackish; narrow pale rings subapically on fore 
femur and subbasally on all tibiae, very faint 
pale subapical rings may be present on mid and 
hind femora. 

Wing: Pattern as figured; pale spot over r-m 
crossvein small, barely reaching costal margin 
and extending only slightly into cell Me; poststig- 
matic pale spot in cell R; small and entirely 
separate from the very small pale spot lying 
behind second radial cell; distal pale spot in cell 
R; large, double, oriented transversely in cell 
with the anterior portion broadly meeting wing 
margin;. pale spot straddling vein M, at basal 
third and one straddling middle of vein Mb); 
cell M, with distal pale spot lying far from wing 


Table 1. 
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form and somewhat saclike, slightly unequal, 
measuring 0.056 by 0.032 and 0.048 by 0.026 
mm., with broad, unsclerotized, entrances to 
ducts. 

MALE GENITALIA.—Ninth sternum with shallow 
caudomedian excavation, the ventral membrane 
not spiculate; ninth tergum with apicolateral 
processes long and very slender, scarcely diverg- 
ing. Basistyle with ventral root small and 
pointed, poorly developed, dorsal root long and 
blunt; dististyle with moderately stout, straight 
basal portion, tapering to slender, bent, pointed 
tip. Aedeagus with basal arch extending to 0.3 
of total length, the basal arms moderately stout 
and nearly straight; distal stem stout and grad- 
ually tapering to broad, truncated tip. Para- 
meres each with moderately stout basolateral 


Systematic arrangement of Culicoides species of the Copiosus Group, with 


mean values of certain quantitative characters. 


Wing 
length 
(mm.) 


Costal 
ratio 


loughnani 

jamaicensi:s 

butleri 

jonesi 

sitiens 

bakeri 

cacticolus 

torridus 

pilosus 

insolatus 

arizonensi 

ryckmani 

copi1osus 

wirthomyia|* 

poikilonotus 

propinquus]* 

panamensis 0 S87 
hinmani () 74 
borinqueni 0.91 


*Specimens not available. 


margin; cell Ms with distal pale spot lying very 
near wing margin; proximal portion of cell Me 


with a pale spot lyin’. on base of media, connected 
by a pale streak with a pale spot lying just an- 
terior to mediocubital fork; cell M, with a large 
round pale spot extending from vein M344 to 
wing margin; anal cell with two separate pale 
spots in distal portion of cell and two large pale 
spots in base of cell, the anterior one lying just 
behind base of mediocubital stem; apices of 
veins M,, Me and M3,,4 pale margined; margin of 
wing distinctly pale around wing tip. Macro- 
trichia long and numerous, extending to base of 
wing in anal cell; costa extending to 0.52 (0.50 
0.53, n=16) of distance to wing tip; second 
radial cell narrow with indistinct lumen. Halter 
pale. 
Abdomen: 


Dark brown. Spermathecae pyri- 


Antennal 
ratio 


9] 


Mandible 
teeth 


Antennal 
sensoria 


Palpal 


ratio 


17 


NN WOK Nhe 


3-9(10)11-15 
3-9, 11-1 


owococeo 


3, (11-12)1¢ 
3, 11-15 


bo DO DO lO FO NO IND INN ND ND ND bt ND 


no 


bo bo 


arm; stem moderately swollen at base, gradually 
tapering on straight mid portion, then abruptly 
twisted laterad and ventrad and narrowed to 
slender simple tip. 

Distribution.—Texas. 

T ypes.—Holotype female, allotype male, Kerr- 
ville, Texas, U. S. Dept. Agric. Expt. Sta., 13-20 
Apri] 1958, R. H. Jones, reared from Opuntia 
lindheimeri, (type no. 64,817, U.S.N.M.). Para- 
types, 57 males, 115 females. TEXAs.—36 males, 
36 females, same data as type. 5 males, 21 
females, Kerrville, Mar.-Sept. 1956, Apr. 1957, 
R. H. Jones, light trap. 7 males, 47 females, 
Kerrville, June-Sept. 1953, L. J. Bottimer, light 
trap. 7 males, 8 females, Sonora Expt. Sta., 7 
Aug., 26 Sept. 1953, D. A. Price, light trap. 1 
female, Dryden, Terrell Co., April 1954, O. 
Schomberg, light trap. 1 male, Pedernales 
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River, Gillespie Co., 24 March 1955, W. Wirth. 
1 male, 2 females, Big wae Nat. Park, Brewster 
Co., 7 May 1956, R. H. Jones, light trap. 

Discussion.—This ithe ies is very closely re- 
lated to Culicoides sitiens n. sp. from California, 
Baja California and Arizona and buéleri n. sp. 
from Arizona. It is fairly easy to distinguish 
sitiens, which is a much larger species (wing 
length 1.42 mm.), with larger antennal ratio 
(1.15) and much shorter, pyriform spermathecae. 
Culicoides butlert has much more elongate, sac like 
spermathecae than jonesi and the pale wing spots 
are less extensive. The male aedeagus of jonesi 
and sitiens has a very broad truncated tip with 
the basal arch extending to only about a third 
of the total length, while that of butleri has the 
tip only moderately broad with the basal arch 
extending to about half of the total length. The 
pale wing markings of jonesi are typically more 
extensive than in the other two species, with a 
characteristic pale margin around the wing tip. 

This species is named in honor of Robert H. 
Jones, who reared the long type series from 
cactus at Kerrville, in recognition of his out- 
standing contributions to the study of North 
American Culicoides. 


Culicoides sitiens Wirth and Hubert, 
new species 
(Figures 10, 30) 


FEMALE. n= 
11) mm. 

Head: Eyes moderately separated, bare. An- 
tenna with lengths of flagellar segments in propor- 
tion of 19-15—16—-17—18—18—19—19—26-29-—3 1-34 
44, antennal ratio 1.15 (1.13-1.19, n=10); distal 
sensory tufts present on segments III-XV._ Pal- 
pal segments with lengths in proportion of 12-24 
51-17-16; third segment moderately swollen, 
2.3 (2.1-2.4, n=11) times as long as greatest 
breadth, with a very deep pit opening by a pore 
of about the same diameter. Proboscis mod- 
erately long; mandible with 17 (15-18, n=21) 
fine teeth 

Thorax: Dark brown; scutum with the three 
broad dark brown longitudinal vittae prominent, 
separated by narrow pruinose gray lines from the 
ground color of the scutum. Legs pale brown; 
knee spots blackish; narrow pale rings subapically 
on fore and mid femora and subbasally on all 
tibiae. 

Wing: Pattern as figured; pale spot over r-m 
crossvein moderately large, barely meeting costal 
margin; two separate poststigmatic pale spots in 
cell R;, the small posterior one lying behind second 
radial cell, the other at end of costa; distal pale 
spot in cell R; double, usually distinctly sepa- 
rated into two spots, the anterior one lying 

slightly distad of the other; pale spot straddling 
vein M; near base and another straddling middle 
of vein M2; subapical pale spot in cell M; and a 
slightly larger one, a little closer to wing margin 


Length of wing 1.42 (1.31-1.52, 
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in cell M2; cell M2 with a pale spot lying im- 
mediately anterior to mediocubital fork; cell My, 
with a rounded pale spot extending from vein 
M34, to wing margin; anal cell with two pale 
spots in distal portion, the posterior one somewhat 
smaller; a pale spot in base of anal cell near base 
of mediocubital stem; small pale spots at wing 
margin at ends of veins M;, Ms and Mau, 
Macrotrichia numerous extending to base of 
wing; costa extending to 0.53 (0.53-0.54, n=11) 
of distance to wing tip; second radial cell small 
with small lumen. Halter pale. 

Abdomen: Dark brown. Spermathecae sub- 
pyriform, without sclerotized necks, the opening 
to the duct moderately large; spermathecae un- 
equal, measuring 0.040 by 0.029 and 0.033 by 
0.022 mm. 

MALE GENITALIA.—Ninth sternum with shallow 
caudomedian excavation, the ventral membrane 
not spiculate; ninth tergum with apicolateral 
processes very long and slender, fingerlike. Basi- 
style with ventral root very slender, dorsal root 
stouter and slightly longer; dististyle nearly 
straight, slender distally with hooked tip 
Aedeagus with basal arch extending to 0.3 of 
total length, basal arms short and slender; distal 
stem very broad, sides parallel distally, with 
broad truncated tip. Parameres each with 
moderately stout basolateral arm; stem short and 
basally swollen, tapering distally to very slender 
simple tip bent laterad then ventrad. 

Distribution.—California; Baja 
Arizona. 

Types.—Holotype female, 
Los Angeles Co., California, 24 Dec. 1957, C. P. 
Christianson and J. P. Fonseca, reared from 
Opuntia occidentalis, (type no. 64, 703, U.S.N.M.) 
Allotype male, same data except collected 24 
Nov. 1957. Paratypes, 25 males, 29 females 
CALIFORNIA.—24 males, 25 females, same data 
as types. BAJA CALIFORNIA.—1 female, 4 m1. S 
San Felipe, 24 Dec. 1957, C. P. Christianson, 
reared from Lophocereus schottii. ARIZONA.—| 
male, 1 female, Portal, Paradise Ranger Sta., 26 
June 1953, W. W. Wirth, light trap 

Discussion.—This species is very similar to 
butleri n. sp., but it is a larger species, the pale 
wing spots are larger, the spermathecae are not 
nearly so elongate and saclike, the antennal ratio 
is different, the apicolateral processes of the male 
genitalia are much longer and the basal arch of 
the aedeagus is much lower with the apex much 
broader. 


California, 


San Dimas Canyon, 


Culicoides bakeri Vargas 
(Figure 31) 
Culicoides bakeri Vargas, 1954, Rev. Inst. 
Trop. 1427 (male, female; Lomas de 
D. F., Mexico; fig. wing, palpus, antenna, 
genitalia). 
Distribution 
locality. 


Salub. Enf. 
Chapultepec, 
male 


Known only from the type 
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Discussion.—Through the courtesy of Dr. Luis 
Vargas of the Instituto de Salubridad y Enfer- 
medades Tropicales in Mexico City, we have been 
able to examine paratype slides of Culicoides 
bakeri Vargas on which were mounted the head, 
thorax, and abdomen of a female and the genitalia 
of a male. 

The original description can be supplemented 
with the following: Third palpal segment 2.2 
times as long as greatest breadth; mandible with 
18-19 teeth; spermathecae very unequal, one 
about half the size of the other, subspherical to 
slightly pyriform, with short, very slender, 
sclerotized necks. Male genitalia as figured by 
Vargas, the apicolateral processes of the ninth 
tergum long and slender, the ventral membrane 
on the ninth sternum not spiculate; aedeagus with 
the apex narrowly truncated as figured, but the 
basal arms straight, not so arched as figured; 
parameres each with short, stout, anterolateral 
arm, stem short, moderately swollen at base, 
short and tapering distally to a fine tip but with 
a ventral, subapical fringe of 5-6 short, sharp 
spines, much as in some species of the Spinosus 
Group. 


Culicoides cacticolus Wirth and Hubert, 
new species 
(Figures 11, 32) 


FEMALE.—Length of wing 1.16 (1.02-1.33, n= 


S) mm 

Head: Eyes moderately separated, bare. An- 
tenna with lengths of flagellar segments in pro- 
portion of 21—15-15-16-16—16-17-18-26-27-29 
32-40, antennal ratio 1.12 (1.05-1.22, n=8); 
distal sensory tufts present on segments III-XV, 
often absent on X. Palpal aoe with 
lengths in proportion of 12—20-50-15-15; third 
segment moderately swollen, 2.2 (2.0-2.3, n=8) 
times as long as greatest breadth, with a very 
deep sensory pit opening by a smaller pore. 
Proboscis moderately long; mandible with 14 
(13-15, n=13) very small teeth. 

Thorax: Scutum dark brown, with the three 
longitudinal dark brown stripes very broad, else- 
where with dull gray pruinescence; scutellum 
broadly dark brown in middle, pruinose gray 
on sides; postscutellum and pleura dark brown. 
Legs pale brown; knee spots blackish; all tibiae 
with very faint subapical pale ring; narrow sub- 
basal pale rings. 

Wing: Pattern as figured; pale spots mod- 
erately large and well defined; small pale spot over 
r-m crossvein; cell R; with two small poststigmatic 
pale spots, one at end of costa narrowly connected 
to a second lying behind second radial cell, a 
broad, more or less double pale spot oriented 
transversely in distal portion of cell, usually 
broadly meeting anterior wing margin, sometimes 
narrowly separated from it; well-defined pale 
spot straddling vein M; proximad of midportion 
and one straddling midportion of vein M2; cell 
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M, with a small distal pale spot far from wing 
margin; cell My with a pale spot lying behind 
medial fork, one lying in front of mediocubital 
fork and a large one in distal portion of cell more 
or less meeting wing margin; cell M, with a large 
rounded pale spot extending from vein Maj, to 
wing margin; one pale spot in distal portion of 
anal cell; pale spot straddling base of mediocubital 
stem; small pale spots at wing margin at apices 
of veins M,; and Mb, and usually at apex of vein 
M3i4. Macrotrichia long and numerous, extend- 
ing to base of wing; costa extending to 0.52 (0.50- 
0.57, n=8) of distance to wing tip; second radial 
cell small and without lumen. Halter pale. 

Abdomen: Dark brown. Spermathecae oval, 
without sclerotized necks, but with opening to 
ducts very small; slightly unequal, measuring 
0.043 mm. by 0.035 mm., and 0.037 mm. by 
0.031 mm. 

MALE GENITALIA.—Ninth sternum with shallow 
caudomedian excavation, the ventral membrane 
not spiculate; ninth tergum with apicolateral 
processes long and slender, fingerlike. Basistyle 
with ventral root very slender, dorsal root stouter; 
dististyle nearly straight, slender distally with 
hooked tip. Aedeagus with basal arch extending 
to half of total length, the basal arms only 
slightly curved and moderately slender; distal 
portion moderately broad, slightly tapered to a 
moderately broad, blunt, ventrally bent tip. 
Parameres each with short basolateral arm; stem 
moderately swollen basally, gradually tapering 
distally to a _ slender, simple tip twisted 
lateroventrad. 

Distribution.—California; 

Types.—Holotype female, allotype 
Dimas Canyon, Los Angeles Co., Calif., 
1957, C. P. Christianson and J. P. 
reared from Opuntia occidentalis, (type no. 
64,704, U.S.N.M.). Paratypes, 206 males, 487 
females: CALIFORNIA.—95 males, 88 females, 
same data as type. 1 female, Resting Springs, 
Inyo Co., 29 May 1955, J. N. Belkin. ARIZONA. 
13 males, 16 females, Morristown, Maricopa Co., 
10 Feb. 1958, R. E. and E. T. Ryckman reared 
from cactus. 2 females, Gila Bend, Pinal Co., 
11 Feb. 1958, R. E. and E. T. Ryckman. 1 
female, Graham Mts. 30 May 1914. Ash Creek, 
alt. 3200 ft. E. G. Holt, (paratype of C. crepuscu- 
laris Malloch). 33 males, 260 females, Brown 
Canyon, Baboquivari Mts., 8 Aug. 1953, G. D. 
Butler, light trap. 7 males, 17 females, Tucson, 
3 Nov. 1953, G. D. Butler, light trap. 23 males, 
58 females, Sabino Canyon, 9 Aug. 1953, G. D. 
Butler, light trap. 6 males, 12 females, Cave 
Creek Ranger Sta., Maricopa Co., June 1982, 
H. K. Gloyd, at light. 26 males, 24 females, 
Wickenburg, Maricopa Co., June 1951, H. K. 
Gloyd, at light. 2 females, Oak Creek Canyon, 
Sedona, 29 June 1953, W. Wirth, light trap. 
TEXAS.—1 male, 1 female, Sonora. Exp.. Sta, 
Oct. 1954, D. L. Price, light trap. 2 males, 6 


Texas. 
male, San 
24 Dec. 


Fonseca, 


Arizona, 
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females, Big Bend Nat. Park, Brewster Co., 7 
May 1950, R. H. Jones, light trap. 

Discussicn.—Culicoides jamaicensis Edwards is 
quite similar to cacticolus, in wing pattern and 
spermathecae, but has two pale spots distally in 
the anal cell, the pale spot in cell M, is divided, 
and the wing length and antennal ratio differ. 
C. butleri n. sp. is also similar but has two pale 
spots distally in the anal cell, and the sperma- 
thecae are long and saclike. 


Culicoides torridus Wirth and Hubert, 
new species 
(Figures 12, 33) 


FEMALE.—Length of wing 1.22 (1.15-1.28, n= 
10) mm. 

Head: Eyes very narrowly separated, bare. 
Antenna with lengths of flagellar segments in 
proportion of 19-12—13-14—-14-15-15-16-23-25 
27-28-36, antennal ratio 1.21 (1.17—1.29, n=10): 
distal sensory tufts present on segments III-IX, 
XI-XV. Palpal segments with lengths in pro- 
portion of 13-20-43-13-15; third segment mark- 
edly swollen, 2.0 (1.8-2.1, n=10) times as long as 
greatest breadth, with a deep sensory pit opening 
by a pore of about the same diameter. Proboscis 
moderately long; mandible with 14 (13-15, n=17) 
minute teeth. 

Thorax: Dark 


blackish longitudinal 


with three 
appearing 


scutum 


each 


brown: 
vittae, 


angular anteriorly, the pruinose-gray ground 


color on side and on anterior margins and 
prescutellar space quite dark. Legs brown; knee 
spots blackish; narrow pale rings subapically on 
fore and mid femora and subbasally on all tibiae. 
Wing: Pattern as figured; pale spot over r-m 
crossvein moderately large; two well-separated 
poststigmatic pale spots in cell R;, the second 
smaller and located behind second radial cell; 
distal pale spot in ceil R; divided into two sepa- 
rate spots, obliquely oriented transversely, in 
subapical part of cell, the anterior one slightly 
distad; pale spot straddling extreme base of 
media; pale spot straddling vein M;, at basal 
third and one straddling middle of vein Mz; a pale 
spot located subapically in cell M,; and a similar 
one located a little closer to wing margin in cell 
M2; cell Mz with a pale spot located immediately 
behind medial fork and one immediately anterior 
to mediocubital fork; cell M, with a moderately 
large round spot in middle of cell; anal cell with 
one round spot in distal portion, one spot near 
basal angle of cell; pale spot straddling base of 
mediocubital stem; small pale spots at wing mar- 
gin at apices of veins M;, Mz and sometimes 
M34. Macrotrichia long and numerous, extend- 
ing to base of wing; costa extending to 0.5i 
(0.50-0.53, n= 10) of distance to wing tip; second 
radial cell small, the lumen not apparent. Halter 
pale. 
Abdomen: 


Dark brown. Spermathecae oval, 
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without sclerotized ducts, unequal, measuring 
0.044 by 0.035 by 0.036 by 0.030 mm. 

MALE GENITALIA.—Ninth sternum with shallow 
caudomedian excavation, the ventral membrane 
not spiculate; ninth tergum with apicolateral 
processes long and slender, fingerlike. Basistyle 
with ventral root long and very nearly straight, 
tapering gradually from base to slender, bent, 
pointed tip. Aedeagus with basal arch extending 
to 0.4 of total length, the basal arms slightly 
curving, moderately slender; distal stem slightly 
tapering to broad, truncated tip. Parameres 
each with very short, stout basolateral arm; stem 
swollen at base, abruptly narrowed to slender mid 
portion, distal portion not more slender, but 
twisted lateroventrad to a relatively stout simple 
point. 

Distribution.—Baja California. 

Types.—Holotype female, allotype male, San 
Felipe, Baja California, Mexico, 26 Dec. 1957, 
C. P. Christianson, reared from Lophocereus 
schottii (type no. 64,705 U.S.N.M.). Paratypes, 
10 males, 22 females: BAJA CALIFORNIA.—9 
males, 22 females, same data as type. 1 male, 
N. San Felipe, 6 Oct. 1953, Ryckman, Lee and 
Ames, reared from cactus. 

Discussion.—Culicoides butleri n. sp., siliens n 
sp., and bakeri Vargas have the distal pale spots 
in cell R; well separated as in torridus but differ 
in having two distal pale spots in the anal cell. 
C. cacticolus differs in having an undivided distal 
pale spot in cell R;. The relatively stout tip of 
the male paramere is very distinctive for forridus. 


Culicoides insolatus Wirth and Hubert, 
new species 
(Figures 13, 34 


FEMALE.—Length of wing 1.19 (1.09-1.29, n= 
7) mm. 

Head: Eyes nearly contiguous, bare. An- 
tenna with lengths of flagellar segments in pro- 
portion of 20-13-13-14-14-15-16-16-25-28-28 
27-38, antennal ratio 1.21 (1.18-1.24, n=7); distal 
sensory tufts present on segments III-IX, XI 
XV, absent on X. Palpal segments with lengths 
in proportion of 11-20-42-12-14; third segment 
markedly swollen, 2.0 (1.9-2.2, n=8) times as 
long as greatest breadth, with a large, deep sen- 
sory pit opening by a slightly smaller pore. 
Proboscis moderately long; mandible with 14 
(12-16, n=12) fine teeth. 

Thorax: Dark brown; scutum with the three 
dark brown longitudinal vittae broad and promi- 
nent, the pruinose gray ground color in well- 
defined markings. Legs pale brown; knee spots 
blackish; narrow pale rings subapically on fore 
femur and subbasally on all tibiae. 

Wing: Pattern as figured; pale spot over r-m 
crossvein small, barely meeting costal margin 
and not quite touching the small oval pale spot 
lying immediately behind medial fork; poststig- 
matic pale spot in cell R; with a very narrow, 


sky 
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often separate, basal extension along posterior 
side of second radial cell; distal pale spot in “ 
R; more or less double, oriented transversely 
cell, but the anterior extension toward wing mar- 
gin usually very recessive or dropping out al- 
together; pale spots straddling vein M; at basal 
third and vein Mg, at middle, the former sometimes 
reduced to a narrow spot lying on anterior side 
of vein M;; apices of cells M; and M2 each with a 
pale spot not meeting wing margin; a small pale 
spot in cell My, lying immediately anterior to 
mediocubital fork; pale spot in cell M, rounded 
and not meeting vein M3;,, anteriorly; only one 
rounded pale spot in distal portion of anal cell; 
the pale spot straddling base of mediocubital 
fork small and appearing double; apices of veins 
dark. Macrotrichia long and numerous, extend- 
ing to base of wing in anal cell; costa extending 
to 0.54 (0.52-0.56, n=7) of distance to wing tip; 
second radial cell small with small lumen. Halter 
pale. 
Abdomen: 
to slightly pyriform, 
rather unequal, measuring 
0.035 by 0.031 mm. 
MALE GENITALIA. 


Dark brown. Spermathecae oval 
without sclerotized necks, 
0.041 by 0.037 and 


Ninth sternum with shallow 
caudomedian excavation, the ventral membrane 
spiculate; ninth tergum with apicolateral pro- 
cesses long and slender, fingerlike. Basistyle 
with ventral root small and pointed, dorsal root 
stouter and blunt, about twice as long; dististyle 
with moderately stout, straight basal portion, 
Aedeagus 


tapering to slender, bent, pointed tip. 
with basal arch extending to 0.4 of total length, 
the basal arms slender but the mid portion quite 


broad; distal stem short and broad at base, 
markedly tapering to a very slender, papilliform 
tip. Parameres each with a long, moderately 
stout, basolateral arm; stem moderately swollen 
at base, stout in mid portion, gradually tapered 
distally to slender, simple’ tip twisted 
lateroventrad 

Distribution.—Baja California. 

Types.—Holotype female, allotype male, San 
Felipe, Baja California, Mexico, 26 Dec. 1957, 
C. P. Christianson, reared from Lophocereus 
schottii, (type no. 64,706, U.S.N.M.). Paratypes, 
22 males, 46 females: BAJA CALIFORNIA.—21 
males, 45 females, same data as type. male, | 
female, N. San Felipe, 6 Oct. 1953, Ryckman, Lee 
and Ames, reared from cactus. 

Discussion.—This species is very similar to 
cacticolus n. sp., which it apparently replaces in 
Baja California, but cacticolus differs in having 
the distal pale spot in cell R; more definitely 
double and has pale spots at the apices of veins 
M,; and Mk», the male aedeagus is not distally 
emarginated, and the membrane from the 
aedeagus to the ninth sternum is not spiculate. 
The dark apices of the medial veins and the 
spiculate membrane ally insolatus to such species 
as copiosus Root and Hoffman and arizonensis 


n. sp. 


Ceratopogonidae Reared from Cacti 


Culicoides arizonensis Wirth and Hubert, 
new species 
(Figures 14, 35) 


FEMALE—Length of wing 1.10 (0.92-1.26, n= 
11) mm. 

Head: Eyes moderately separated, bare. An- 
tenna with lengths of flagellar segments in pro- 
portion of 19-13-12—12—13—13-14—16—27-29-29 
29-38, antennal ratio 1.35 (1.30-1.43, n=11), 
segments of proximal series markedly shortened; 
distal sensory tufts present on segments III-V, 
XI-XV and occasionally also on VI or VI and 
VII. Palpal segments with lengths in propor- 
tion of 11—23-43-14-14; third segment mod- 
erately swollen, tapering somewhat toward base, 
2.3 (2.1-2.4, n=11) times as long as greatest 
breadth, with a deep sensory pit opening by a 
pore of about the same diameter. Proboscis 
moderately long; mandible with 15 (13-16, n= 20) 
very fine teeth. 

Thorax: Dark brown; scutum with the three 
dark brown longitudinal vittae very broad and 
prominent, the pruinose gray ground color dark 
and recessive. Legs pale brown; knee spots dark 
brown; tibiae with faint, narrow subbasal pale 
bands. 

Wing: Pattern as figured; pale spot over r-m 
crossvein moderately large; poststigmatic pale 
spot in cell R; distinctive, essentially a moderately 
large spot at end of costa extending around behind 
second radial cell proximad nearly to pale spot at 
crossvein, and usually connected with the pale 
spot straddling vein M,, forming a continuous 
pale area very characteristic of this species; distal 
portion of cell R; with a definite round or longi- 
tudinally elongated pale spot located far from 
anterior wing margin, pale spots straddling vein 
M;, at basal third and vein Ms at middle; small 
pale spot distally in cell M; a short distance from 
wing margin, and another in cell M: reaching 
wing margin, both of which may be very faint or 
not evident; pale spot lying immediately in front 
of mediocubital fork; cell M, with large rounded 
pale spot extending from vein M3,, to wing 
margin; one pale spot in distal portion of anal 
cell; a large pale spot near wing base straddling 
base of mediocubital stem; no pale spots at tips 
of veins M;, Mo, M3.4 or Cu;. Macrotrichia long 
and numerous, extending to base of wing; costa 
extending to 0.57 (0.56-0.58, n=11) of distance 
to wing tip; second radial cell small with small 
lumen. Halter pale. 

Abdomen: Dark brown. 
form, very unequal, measuring 
and 0.039 by 0.031 mm., with 
sclerotized necks. 

MALE GENITALIA.—Ninth sternum with shallow 
caudomedian excavation, the ventral membrane 
spiculate; ninth tergum with apicolateral processes 
very long and slender, slightly tapered to pointed 
tips. Basistyle with ventral root very short and 
slender, pointed, dorsal root stouter and almost 
twice as long; dististyle stout and nearly straight 


Spermathecae pyri- 
0.057 by 0.047 
short slender 
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at base, distally slender and curving to bent, 
pointed tip. Aedeagus with basal arch extending 
to 0.6 of total length, basal arms slender and 
nearly straight; distal portion very stout, tapering 
to a very broad, truncated tip. Parameres each 
with long, slender basolateral arm; stem mod- 
erately swollen basally, markedly sinuate in mid 
portion, gradually tapering distally to a slender, 
simple tip twisted lateroventrad. 

Distribution.—Arizona,; California, 
California. 

Types.—Holotype female, allotype male, Mor- 
ristown, Maricopa Co., Ariz., 10 Feb. 1958, R. E. 
and E. T. Ryckman, reared from cactus (type no. 
64,707, U.S.N.M.). Paratypes, 46 males, 122 
females: ARIZONA.—38 males, 87 females, same 
data as type. 1 male, 4 females, Wickenburg, 
Maricopa Co., Aug. 1950, H. K. Gloyd, light trap. 
4 females, Tucson, 3 Nov. 1953, G. D. Butler, 
light trap. 2 females, 3 mi. S. Cave Creek P. O., 
Maricopa Co., H. K. Gloyd, light trap. 5 fe- 
males, Sabino Canyon, Pima Co., 9 Aug. 1953, 
G. D. Butler, light trap; 5 males, 5 females, 2 
March 1959, M. Adachi, light trap. 3 females, 
Saguaro Nat. Mon., 27 June 1958, S. Alcorn, 
reared from rotted saguaro. 7 females, Brown 
Canyon, Baboquivari Mts., 8 Aug. 1953, G. D. 
Butler, light trap. 1 male, 33 mi. E. Gila Bend, 
Pinal Co., 11 Feb. 1958, R. E. and E. T. Ryck- 
man, reared from cactus. CALIFORNIA.—1 fe- 
male, Indian Wells, Imperial Co., 28 Nov. 1957, 
R. E. Ryckman, reared from cactus. BAJA 
CALIFORNIA.—1 male, 4 females, San Felipe, 26 
Dec. 1957, C. P. Christianson, reared from 
Lophocereus schottit. 

Discussion.—Culicoides ryckmani n. sp. and 
copiosus Root and Hoffman have wing patterns 
similar to that of arizonensis but can be distin- 
guished readily on structural characters. The 
spermathecae of ryckmani are small, subequal and 
subspherical, while those of copiosus are pyriform 
but nearly equal in size. Both allied species lack 
antennal sensoria on segments 4-7. Moreover, 
the membrane on the ninth sternum of the male 
gentialia of ryckmani is not spiculate. 


Baja 


Culicoides ryckmani Wirth and Hubert, 
new species 
(Figures 15, 36) 

Culicoides copiosus Wirth (misident., not Root and 
Hoffman 1937), 1952, Univ. Calif. Pubs. Ent. 9: 191 
(male, female; Calif.; fig. wing, palpus, male gen.). 
Ryckman and Ames (misident.) 1953, Pan-Pacific 
Ent. 29: 164 (Arizona, reared from cactus). 


Female.—Length of wing 0.93 (0.75-1.15, 
12) mm. 

Head: Eyes narrowly separated, bare. An- 
tenna with lengths of flagellar segments in pro- 
portion of 19-12—12—13-13-13-14-15-23-22-24 
26-35, antennal ratio 1.19 (1.14-1.24, n=12); 
distal sensory tufts present on segments III, 
XIII-XV, also occasionally present on segments 


n= 
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XI or XII. Palpal segments with lengths in 
proportion of S8-14—30-10-12; third segment 
markedly swollen, spindle-form, 2.0 (1.9-2.2, n= 
12) times as long as greatest breadth, with a 
large, deep, sensory pit opening by a smaller pore. 
Proboscis moderately short; mandible with 12 
(11-13, n=14) very fine, practically vestigial 
teeth. 

Thorax: Dark brown, the three longitudinal 
dark brown stripes very broad, the pruinose gray 
background areas inconspicuous. Legs yellowish 
brown; knee spots blackish, faint pale rings sub- 
apically on fore femur and subbasally on all tibiae 

Wing: Pattern as figured; pale spot over r-m 
crossvein not reaching costal margin; cell R; with 
large poststigmatic pale spot at end of costa 
usually continued postero-proximad behind secend 
radial cell; distal pale spot in cell R; small and 
more or less elongated in axis of cell, located far 
from anterior wing margin; pale spots at basal 
third of vein M, and on middle of vein Mz small; 
the former restricted to anterior side of vein M, 
or sometimes absent; distal pale spots in cells 
M, and M: very small or absent; cell M2. sometimes 
with very small, indistinct, pale spot located im- 
mediately in front of mediocubital fork; cell M; 
with large round pale spot located near the wing 
margin; anal cell with one pale spot in distal por- 
tion; a pale spot sometimes lying just behind 
basal portion of mediocubital stem; no pale spots 
at apices of veins Mi, Me, Msi4, or Cu. Macro- 
trichia numerous and fairly long on distal portion 
of wing, becoming less numerous but continuing 
to base of wing; costa extending to 0.55 (0.52 
0.57, n=12) of distance to wing tip; second radial 
cell small. Halter pale. 

Abdomen: Dark brown. Spermathecae sub- 
spherical, subequal, with only slight trace of 
sclerotized neck, each measuring about 0.029 by 
0.025 mm. 

MALE GENITALIA.—Ninth sternum with a deep 
caudomedian excavation, the ventral membrane 
not spiculate; ninth tergum with very long and 
slender, pointed, slightly divergent apicolateral 
processes. Basistyle with ventral root short and 
very slender, dorsal root longer and stouter; 
dististyle stout basally, distal half moderately 
slender with bent, slightly hooked tip. Aedeagus 
with basal arch rounded, extending to 0.37 of 
total length of aedeagus; distal portion stout, 
tapering gradually to broad, truncated tip. 
Parameres each with fairly stout basolateral arm; 
stem bulbous at base, abruptly tapering to 
slender, simple tip twisted lateroventrad. 

Distribution.—California; Arizona, Baja Cali- 
fornia, Texas. 

Types.—Holotype female, San Dimas Canyon, 
Los Angeles Co., Calif., 24 Nov. 1957, C. P. 
Christianson and J. P. Fonseca, reared from 
Opuntia occidentalis, (type no. 64,708, U.S.N.M.). 
Allotype male, San Felipe, Baja California, 
Mexico, 24, Dec. 1957, C. P. Christianson, reared 
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from Lophocereus schottii. Paratypes, 79 males, 
182 females: ARIZONA.—3 males, 34 females, 
Brown Canyon, Baboquivari Mtns., 8 Aug. 1953, 
G. D. Butler, light trap. 2 males, 7 females, 
Cave Creek, Maricopa Co., June 1952, H. K. 
Gloyd, at light. 1 male, 6 females, 3.3 mi. E. 
Gila Bend, Pinal Co., 11 Feb. 1958, R. E. and 
E. T. Ryckman, reared from cactus. 24 males, 
28 females, Morristown, Maricopa Co., 10 Feb. 
1958, R. E. and E. T. Ryckman, reared from 
cactus. 1 male, Sabino Canyon, 9 Aug. 1953, 
G. D. Butler, light trap; 2 males, 1 female, 2 
March 1959, M. Adachi, light trap; 1 male, 
Tucson, 3 Nov. 1953, G. D. Butler, light trap. 
10 males, 35 females, Wickenburg, Maricopa Co., 
Aug. 1950, H. K. Gloyd, at light. 1 male, 
Wickenburg, 26 Dec. 1951, Ryckman, Ames and 
Arakawa, reared from Cereus giganteus, (reported 
by Ryckman and Ames, 1953, as copiosus). 
CALIFORNIA.—12 males, 34 females, San Dimas 
Canyon, 24 Nov., 24 Dec., 1957, C. P. Christian- 
son and J. P. Fonseca, reared from Opuntia 
occidentalis. 1 male, 2 females, Cottonwood 
Spring, Riverside Co., 26 April 1949, L. W. 
Quate, at light, (reported as copiosus by Wirth, 
1952). 2 females, Indian Wells, Imperial Co., 
27 March 1955, Ryckman, Lee and Spencer, from 
nest of house finch, Carpodacus mexicanus, | 
female, Indian Wells, 28 Nov. 1957, R. E. 
Ryckman, reared from cactus. 1 male, Borego, 
San Diego Co., 24 April, 1949, L. W. Quate, 
(reported by Wirth, 1952, as copiosus). BAJA 
CALIFORNIA.—20 males, 32 females, San Felipe, 
24, 26 Dec. 1957, C. P. Christianson, reared from 
Lophocereus schottii and Pachycereus pringlet. 
TEXAS.—1 female, Big Bend Nat. Park, Brewster 
Co., 7 May 1956, R. H. Jones, light trap. 

Discussion.—This species resembles copiosus 
Root and Hoffman and arizonensis n. sp. in wing 
markings, but has the pale spots even more 
reduced than the other species. The subequal, 
subspherical spermathecae, sensorial pattern of 
the antennae and shape of the third palpal seg- 
ment of the female and the long, divergent 
apicolateral processes and nonspiculate ninth 
sternum of the male genitalia are very distinctive. 

We are happy to dedicate this species to Ray- 
mond E. Ryckman in recognition of his outstand- 
ing work on the cactus-dwelling Culicoides of 
North America. 


Culicoides copiosus Root and Hoffman 
(Figures 16, 37) 
Culicoides copiosus Root and Hoffman, 1937, Amer. Jour. 
Hyg. 25: 171 (male, female; San Jacinto, Mexico; fig. 
male gen.). 


FEMALE.—Length of wing 1.02 (0.88-1.18, n= 
10) mm. 

Head: Eyes narrowly separated, bare. An- 
tenna with lengths of flagellar segments in propor- 
tion of 19-12-13-14—15-15-15-16-21-22-24-26 
33, antennal ratio 1.03 (0.97-1.12, n=10); distal 
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sensory tufts present on segments III, XI-XV. 
Palpal segments with lengths in proportion of 
7-15-33-11-12; third segment swollen, 2.0 (1.9- 
2.2, n=10) times as long as greatest breadth, 
with a very large, deep sensory pit opening by a 
smaller pore. Proboscis relatively short; man- 
dible with 13 (12-14, n=12) very fine, almost 
vestigial teeth. 

Thorax: Dark brown; scutum with the three 
dark brown longitudinal vittae relatively narrow, 
with more extensive pruinose gray background 
areas. Legs pale brown; knee spots blackish; 
narrow pale rings subapically on fore femur and 
subbasally on all tibiae. 

Wing: Pattern as figured; pale spot over r-m 
crossvein extending caudad only slightly into 
cell M2; cell R; with an oblique poststigmatic 
pale spot extending from end of costa around 
posterior side of second radial cell; distal pale spot 
in cell R; rounded, slightly elongated in axis of 
cell, not reaching anterior wing margin; pale spot 
present straddling vein M; at basal third and one 
straddling middle of vein M2; cell M; with distal 
pale spot elongate and set well back from wing 
margin; cell Mz with a pale spot lying immediately 
in front of mediocubital fork and a larger one at 
wing margin in apex of cell; cell M; with a large 
spot usually extending from vein M3,, to wing 
margin; anal cell with one large pale spot in distal 
portion and sometimes a faint one at base pos- 
teriorly; a pale spot straddling base of medio- 
cubital stem; ends of veins M,;, Moe, Mais, and Cu; 
dark. Macrotrichia long and fairly numerous, 
extending to base of wing; costa extending to 
0.53 (0.51-0.54, n=10) of distance to wing tip; 
second radial cell small with small lumen. 

Abdomen: Dark brown. Spermathecae pryi- 
form, slightly unequal, measuring 0.041 by 0.034 
and 0.035 by 0.029 mm. 

MALE GENITALIA.—Ninth sternum with very 
shallow caudomedian excavation, the ventral 
membrane spiculate; ninth tergum with apico- 
lateral processes very long and slender. Basi- 
style with ventral root very slender, dorsal root 
stouter and subequal in length; dististyle slightly 
curving from base, tapering distally to slender, 
somewhat hooked tip. Aedeagus with basal arch 
extending to 0.4 of total length, the basal arms 
moderately stout; distal portion moderately stout 
and tapering to broad, blunt tip. Parameres 
each with short, slender basolateral arm; stem 
slightly swollen, gradually tapering distally to 
slender, simple pointed tip twisting lateroventrad. 

Distribution —Mexico; Arizona, California, 
Texas. 

Specimens examined.—ARIZONA.—35 females, 
Brown Canyon, Baboquivari Mts., 8 Aug. 1953, 
G. D. Butler, light trap. 4 males, 2 females, 
Cave Creek, Maricopa Co., June 1952, H. K. 
Gloyd, at light. 5 females, Cochise Stronghold, 
Dragoon Mts., 16 July 1958, C. W. O’Brien, 
light trap. 1 male, 1 female, Portal, Paradise 
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Ranger Sta., 26 June 1953, W. Wirth, light trap. 
8 females, Tucson, 3 Nov., 1953, G. D. Butler, 
light trap. 1 male, 9 females, Wickenburg, 
Maricopa Co., June 1951, H. K. Gloyd, at light. 
10 females, Sabino Canyon, Pima Co., 9 Aug. 
1953, G. D. Butler, light trap. CALIFORNIA.—5 
females, San Dimas Canyon, Los Angeles Co., 
24 Nov. 1957, C. P. Christianson and J. P. 
Fonseca, reared from Opuntia occidentalis. 
MeExiIco.—12 males, 16 females (type series), 
San Jacinto, D. F., 15 Apr. 1932, 17 Nov., 18 
Dec. 1931, A. Dampf. 1 male, San Felipe, Baja 
California, 6 Oct. 1953, Ryckman, Lee and Ames, 
reared from cactus. 2 males, 2 females, San 
Felipe, 24, 26 Dec. 1957, C. P. Christianson, 
reared from cactus. TEXAs.—1 female, Dryden, 
14 Oct. 1953, H. M. Brundrett, light trap. 1 
female, Camp Stanley, Bexar Co., Oct. 1954, 
H. M. Brundrett, light trap. 2 males, 7 females, 
Kerrville, July-Oct., 1953, L. J. Bottimer, light 
trap. 7 females, March, Aug., Sept. 1956, R. H. 
Jones, light trap. 1 male, 1 female, Sanderson, 
28 Apr. 1954, O. Schomberg, light trap. 

Discussion.—This species resembles arizonensis 
n. sp. and ryckmani n. sp. in having one pale spot 
at the apex of the anal cell and in having the distal 
pale spot in cell R; oval or elongated in the axis of 
the cell instead of doubled transversely in the cell. 
It resembles arizonensis and differs from ryckmani 
in having the ventral membrane of the male 
aedeagus spiculate and can be separated from 
arizonensis most readily by the shape of the 
spermathecae, which are larger and very unequal 
in arizonensis. The California records of copiosus 
published by Wirth (1952) and the Arizona record 
published by Ryckman and Ames (1953) were 
misidentifications of ryckmani, which has the 
spermathecae subequal, very small and 
subspherical. 


Culicoides hinmani Khalaf 
Figures 17, 38) 

Culicoides hinmani Khalaf, 1952, Ann. Ent. Soc. America 
45: 353 (male, female; Oklahoma; fig. antenna, palpus, 
male genitalia); Jones and Wirth, 1958, Jour. Kansas 
Ent. Soc. 31:87 (male, female redescr.; records; 
synonymy: borinqueni of authors, not Fox and 
Hoffman). 
Distribution. 

Texas, Virginia. 
New Records.—Ohio.—2 females, Fairfield Co., 

3 Sept. 1949, F. W. Mead. FLoripa.—1 female, 

Vero Beach, 27 Aug. 1958, Ent. Res. Ctr. light 

trap. 

This species was redescribed in detail by Jones 
and Wirth (1958). We are including figures at 
this time for comparison with other species of 
the group. C. hinmani and C. borinqueni Fox and 


Oklahoma; Alabama, Tennessee, 
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Hoffman, which breed in tree holes, are set off 
from the North American cactus-breeding species 
of the group by a number of characters, including 
the reduction of the pale wing spots, especially 
that straddling vein M,, the reduction of wing 
macrotrichia, small overall size, longer costa and 
larger antennal ratio. 


Culicoides borinqueni Fox and Hoffman 
(Figure 18) 

Culicoides borinqueni Fox and Hoffnian, 1944, Puerto Rico 
Jour. Public Health and Trop. Med. 20: 110 (male, fe- 
male; Puerto Rico, bred from tree holes; fig. wing). 
Fox, 1949, Bull. Brooklyn Ent. Soc. 44: 30 (male, female 
redescr.; Puerto Rico; fig. wing, palpus, spermathecae, 
male aedeagus and parameres).—Jones and Wirth, 
1958, Jour. Kansas Ent. Soc. 31: 87 (descr. notes) 


Distribution.—Puerto Rico. 

Fox’s (1949) redescription and figures ade- 
quately characterized boringueni, and Jones and 
Wirth (1958) gave some additional structural 
characters for separation. A wing photograph 
and the values of some structural characters 
(table 1.) of a female specimen reared from a 
tree hole, Guayanilla, Puerto Rico, March 1949, 
I. Fox, are given here for comparison with other 
species of this group. 
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BIOLOGY OF CACTIPHILIC SPECIES OF CERATOPOGONIDAE (DIPTERA)! 


RAYMOND E. RYCKMAN? 


ABSTRACT 


Two species of Forcipomyia, three of Dasyhelea, and 
eight of Culicoides are reported as reared from cacti in 
the southwestern United States and Baja California. 
These bred rather indiscriminately with respect to cactus 
host species; Dashyhelea cactorum is reported from three 
cactus genera (Opuntia, Cereus, and Lophocereus) while 
Culicoides ryckmani was reared from cacti of these same 
genera and also from Pachycereus. Decaying cacti 
apparently provide the major source of breeding material 
for ceratopogonids in many desert areas. The Copiosus 


During periods of intense heat and aridity 
many species of insects, including certain ephe- 
meral groups, may be seen in the deserts of the 
southwestern United States and northern Mexico. 
How many of these species could exist, especially 
the delicate dipterous larvae, was a puzzling 
question. From the beginning it seemed apparent 
that the breeding foci must be in some well 
protected ecological niche. Ryckman and Ames 
(1953) published a note on certain insects breeding 
in cacti, including a species of Culicoides. This 
ecological niche has since been studied in greater 
detail, resulting in recovery of the following 
arthropod groups: Coleoptera (Histeridae, Cer- 
ambycidae, Curculionidae, Hydrophilidae, Sta- 
phylinidae, Colydiidae, Elateridae, Nitidulidae) ; 
Hemiptera (Anthocoridae); Dermaptera (Labi- 
idae); Corrodentia (Lachesillidae); Diptera 
(Ceratopogonidae or Heleidae, Psychodidae, 
Sciaridae or Lycoriidae, Mycetophilidae, or 
Fungivoridae, Scatopsidae, Stratiomyidae, Syr- 
phidae, Lonchaeidae, Neriidae, Drosophilidae, 
Milichiidae, Bombyliidae, Sphaeroceridae or 
Borboridae); Hymenoptera (Ichneumonidae, Bra- 
conidae, Eulophidae, Diapriidae); Acarina (Mac- 
rochelidae, Uropodidae, Eupodidae, Trombidiidae, 
Saproglyphidae, Anoetidae. 

From the above it is evident that cacti are an 
attractive medium for insects and mites under 
hot, arid, desert conditions. An intensive study 
of potential and actual breeding foci in desert 
and semidesert regions has indicated that this 
ecological niche may be essentially the only 
usable habitat available for ceratopogonids. 
Decomposing plants of the genus Yucca may also 
contribute limited breeding material under certain 
restricted conditions. 

Cacti are characterized by having a tough, 
desiccation-resistant epidermis with a high water 
content in the succulent internal tissues. When 


'This investigation was made possible by a grant 
(E-874) from the National Institutes of Health, U. S. 
Public Health Service, Department of Health, Education 
and Welfare. Accepted for publication March 16, 1960. 

2Department of Microbiology, College of Medical 
Evangelists, Loma Linda, California. 


group of Culicoides appear to have changed from tree- 
hole breeders to the cactiphilic habit in desert areas. 
and radiation occurred once the group became established 
incacti. Insects and mites representing 34 other families 
were also reared from cacti in conjunction with the 
ceratopogonid research. A laboratory culture method 
used successfully with Drosophilidae, Neriidae, Cera- 
topogonidae, and Syrphidae employed boiled cactus 
tissues for larval development, while adults were fed a 
mixture of honey and protein hydrolysate. 


necrosis begins in the cacti, whether as a result of 
mechanical injury or microbial action, the 
succulent tissues break down leaving the epi- 
dermis intact. The result is a rich microbial 
flora breeding on a moist nutrient medium sealed 
within a desiccation-resistant exterior. Certain 
arthropod species seem to be attracted to the 
rich odors of fermentation emanating from the 
decomposing tissues; hence the colonization of 
this ecological niche by cactiphilic* species. 
Preliminary bacteriological studies revealed gram- 
negative bacilli, gram-positive cocci, large gram- 
positive rods, gram-positive streptococci (alpha- 
hemolysis), and very large gram-positive bacilli 
with clear-zone hemolysis. The above bacteria 
were isolated from Opuntia occidentalis. Several 
species of Protozoa were also associated with the 
more moist necrotic material. 

A large Saguaro (Cereus giganteus) felled early 
in February in arid west-central Arizona was a 
prolific breeding site until late in July of the same 
year, at which time it was opened for inspection. 
Several linear feet of the large trunk were still in 
all stages of decomposition 514 months after the 
Saguaro had been cut, indicating that large 
quantities of moisture had been retained within 
the plant. 

Normal flat pads of Opuntia immersed in 
boiling water for a sufficient period to kill the 
tissue cells were found to be an excellent rearing 
medium for laboratory subculture of cactiphilic 
Drosophilidae, i.e., the repleta group; Neriidae, 
Odontoloxozus; Syrphidae; and Ceratopogonidae. 
Adults of the above four families readily fed on a 
thick, pastelike preparation composed of protein 
hydrolysate and honey; the protein hydrolysate 
contained the following proteins, vitamins and 
minerals: alanine, arginine, aspartic acid, cystine, 
glutamic acid, glycine, histidine, hydroxyproline, 
isoleucine, leucine, lysine, methionine, phenyl- 
alanine, proline, serine, threonine, tryptophane, 
tyrosine, valine and other peptides; A, D (irradi- 
ated ergosterol), thiamine HCL, riboflavin, pyri- 
doxine HCL, calcium pantothenate, niacinamide 


’Cactiphilic=cactus-loving or cactus-frequenting. 
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and ascorbic acid; iron peptonate and _ tribasic 
phosphate. 

All immature stages of cactiphilic Culicoides 
were readily reared to adults in sleeve cages 
containing field-collected cactus material, or 
individually in petri dishes in a large droplet of 
decomposing cactus tissue. The use of entomo- 
logically sterile (boiled) cactus tissues eliminated 
the possibility of contamination from other arthro- 
pod species in the subcultures. (The plant tissues 
were submerged in water at 90° to 100° C. for 
20 to 30 minutes, depending on the age and size 
of the cactus tissues being killed.) 

We were never able to encourage Culicoides 
reared from cacti to feed on man or young rats 
in the laboratory. However, recently engorged 
(blood-red) females of Culicoides ryckmani were 
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species will breed in the necrotic tissues of several 
genera of cacti; for example, Culicoides ryckmani 
was reared from Opuntia, Cereus, Lophocereus 
and Pachycereus. Conversely, a given species of 
cactus in one locality may be the host for several 
species of ceratopogonids; Opuntia occidentalis 
was found to be the host for Forcipomyia deserten- 
sis, F. christiansoni, Dasyhelea cactorum, D. 
pentalineata, D. ryckmani, Culicoides sitiens, C. 
cacticolus, C. ryckmani, and C. copiosus. There 
is little host specificity on the part of cactiphilic 
ceratopogonids for a given species of the Cac- 
taceae; however, due to size and other growth 
factors, certain genera of cacti are more available 
as a breeding site than others. Cylindropuntia 
(cholla) are relatively poor hosts for ceratopogo- 
nids, while the more succulent Platyopuntia, 


Table 1.—Ceratopogonidae reared from cacti, and their cactus hosts 


Host 


Localities 


Los Angeles Co., Calif 


Forcipomyia desertensis 


Forcipomyia christiansoni 
Dasyhelea cactorum 


“ 


Dasyhelea pentalineata 
Dasyhelea 


Culicoide 


Culicoide: 
Culicoides 


Culicoides 
Culicoides 


Culicoide 


Culicoides 


“ 


Culicoide 


taken at night 


s§ 


Ss 


from 


ryckmani 


jonest 
sitiens 


cacticolus 
torridus 
insolatus 
arizonensis 
ryckmani 


“ 


“ 


copiosus 


the 


nest 


of 


Car podacus 


Opuntia occidentalis 
Lophocereus schottii 
Opuntia occidentalis 
Opuntia occidentalis 
Opuntia sp. 

Cereus giganteus 
Lophocereus schottii 
Lophocereus schottii 
Opuntia occidentalis 
Cereus giganteus 
Opuntia lindheimeri 
Opuntia occidentalis 
Lophocereus schottii 
Opuntia occidentalis 
Cereus giganteus 
Lophocereus schottii 
Lophocereus schottit 
Cereus giganteus 
Opuntia occidentalis 
Opuntia sp. 

Cereus giganteus 
Lophocereus schottit 
Pachycereus pringlei 
Opuntia occidentalis 
Lophocereus schottii 


Cereus, 


San Felipe, Baja Calif 

Los Angeles Co., Calif 

Los Angeles Co., Calif 
Imperial Co., Calif. 

Pinal, Maricopa, Pima Cos., Ariz 
San Felipe, Baja Calif 

San Felipe, Baja Calif. 

Los Angeles Co., Calif 
Maricopa Co., Ariz 

Kerrville, Texas 

Los Angeles Co., Calif 

San Felipe, Baja Calif 

Los Angeles Co., Calif 
Maricopa and Pinal Cos., Ariz 
San Felipe, Baja Calif 

San Felipe, Baja Calif 
Maricopa, Pinal, Pima Cos., Ariz 
Los Angeles Co., Calif. 
Imperial Co., Calif. 

Pinal and Maricopa Cos., Ariz. 
San Felipe, Baja Calif 

San Felipe, Baja Calif 

Los Angeles Co., Calif 

San Felipe, Baja Calif. 


Lophocereus, and 


Pachycereus 


mexicanus (house finch); this bird was incubating 
her eggs in a nest built in Opunta Munzii at 
Indian Wells in northern Imperial Co., Calif. 

Under field conditions, cactiphilic ceratopogo- 
nids are invariably associated with other insect 
species in the decomposing tissues. While pri- 
mary invaders weaken and prepare the way for 
subsequent colonization by other species, it is 
not known at this time if the relatively numerous 
secondary invaders are beneficial in developing 
this ecological niche for the cactus-breeding 
ceratopogonids. 

Table 1, and the preceeding paper by Wirth 
and Hubert (1960), indicate that many of the 
ceratopogonid species are geographically wide- 
spread in nature. It is also apparent that a given 


excellent breeding conditions for a long period. 
The seasonal reproductive capacity of cactiphilic 
ceratopogonids is, of course, dependent upon the 
availability of breeding material; in most areas 
where cacti are prevalent the breeding activity 
increases with the fall and winter rains and extends 
well into the following summer, gradually dimin- 
ishing as the moist necrotic tissues dry up within 
the desiccation-resistant epidermis of cactus 
stems and pads. These species are able to survive 
the intensely hot and arid conditions of the desert 
regions in late summer in restricted moist necrotic 
sections of pads and stems which have not 
completely dried out. In times of greatest 
environmental adversity suitable breeding ma- 
terial is usually found in pads and stems which 
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have been buried by flash floods, rodent activity, 
or in necroses which have progressed downward 
into the base of plants below ground level. The 
Saguaro (Cereus) and the Cordon (Pachycereus) 
are exceptions to the above in that these giant 
cacti may be found dead and dying in an upright 
position late in the summer at the height of the 
arid season. Several liters of fluid ran from a 
diseased specimen of Pachycereus pringlei when 
the trunk was struck with a machete; this plant 
was examined in July near Chapala Dry Lake in 
Baja California, Mexico. 

The Copiosus Group, in general, is believed to 
be derived from tree-hole-breeding species that 
radiated outward from a forest environment and 
became established in decaying cacti in desert 
habitats. In view of the several species collected 
from a limited number of localities, 1t would 
appear that rapid speciation has occurred in this 
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group after the cactiphilic habit became estab- 
lished. Culicoides hinmani, known from Texas, 
Oklahoma, Alabama, Tennessee, and Virginia, 
and C. borinqueni, from Puerto Rico, are tree- 
hole-breeding species of the Copiosus Group, 
which are set off from the North American 
cactus-breeding species of the group by reduction 
of the pale wing spots, wing microtrichia, and 
smaller size. The paler wings of the cactus- 
breeding species would seem to be a consequence 
of the desert environment. 
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LIFE HISTORY STUDIES OF THE ARMYWORM, PSEUDALETIA UNIPUNCTA 
(LEPIDOPTERA: NOCTUIDAE), IN NEW BRUNSWICK' 


D. D. 


POND 


Research Station, Canada Department of Agriculture, Fredericton, N. B 


ABSTRACT 


The life history in New Brunswick is described. In 
laboratory tests females were found capable of laying 
more than 1,400 eggs. When the two sexes were reared 
at the same temperatures, there were no significant 
differences between them in the number of larval molts 
or in the duration of the various stadia. However, 
under partial starvation conditions, 86% of the females 
molted seven times rather than six, as compared with 


Little work has been done on the life history 
and ecology of the armyworm, Pseudaletia 
unipuncta (Haw.), in Canada. Gibson (1915), 
and others, described the nature of the various 
outbreaks, the control measures adopted, and 
certain of the larval habits, and listed some 
parasites and predators. Of the work done in the 
United States, that by Davis and Satterthwait 
(1916) was the most thorough. They gave 
detailed descriptions of the various stages, with 
numerous measurements made just before and 
after each molt, and reported on egg-laying 
potential and on the amount of foliage consumed 
per larval stadium. 


MATERIALS AND METHODS 
Since all the adults taken at our light traps at 


‘Contribution No. 13, Research Station, Canada 
Department of Agriculture, Fredericton, New Brunswick. 
Portion of a dissertation submitted in partial fulfillment 
of the requirements for the degree of Doctor of Philos- 
ophy, McKinley Roosevelt, Incorporated, Chicago, 
Illinois. Accepted for publication February 5, 1960. 


33% of the males. Seven molts occurred also in both 
sexes, when larvae were reared in a temperature range 
minimal for their development, and the head-capsule 
width of such seventh-instar larvae was less than that 
of sixth-instar larvae reared at higher temperatures. 
Less than 1% of the armyworms reared at Fredericton 
from 1953 to 1958 were parasitized, but 14 hymenopterous 
and 11 dipterous species were reared from them 


the first of each season (that is, from mid-May to 
mid-June, 1955 to 1958) were gravid females, 
these were used to start the cultures. These 
moths, in most cases, were well spent, but were 
still able to produce from 100 to 400 viable eggs 
each. 

The adults were placed in various types of 
rearing cages, but experience showed the one 
adopted in 1957 to be the best. This cage, 
8X 128 inches, had sides and bottom of 34-inch 
plywood, the back and top were covered with 
organdy, and a sliding glass panel served as a 
door. Adults were fed honey, diluted 1:10, 
which was placed on absorbent cotton in glass 
cylinders, 1 inch high and 34 inch in diameter. 
One such cylinder was placed on the top of each 
cage and was kept moist, so that the cloth top 
of the cage was always damp where it was in 
contact with the cotton. The moths fed readily 
from these damp spots. 

For egg laying, 12 to 15 strips of paper towel- 
ling, 3 inches long by 14 inch wide, were stapled 
together and were then inserted through 1-inch- 
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long slots cut in the sides of the cages. Moths 
readily laid eggs on these easily handled strips, 
gluing them onto the folds so that, to expose them, 
it was necessary to wet the paper and gently pull 
the folds apart. Eggs, still on the damp paper, 
were placed in jelly jars for incubation, and the 
larvae were reared in such jars. 

A small wad of cotton was first placed in each 
jar, with a tight-fitting disk of blotting paper 
above it. Cut foliage (usually grain) was placed 
in the jars daily, the | old foliage removed, and the 
old disk with the frass replaced by a new one. 
These disks could be used repeatedly. During 
the first four larval stadia, a drop or two of 
water was placed on the cotton each day to 
maintain the moisture, but with later stadia very 
little water was necessary as the moisture exuded 
by the larvae, plus the amount of food to maintain 
them for 24 hours, was adequate. Moisture 
conditions had to be watched carefully until 
the larvae were 1% inch to 34 inch in length, and 
again during pupation and emergence. Mature 
larvae lost a great deal of moisture, and pupae 
failed to complete the shedding of the larval skin 
if they were wet. 
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Fic. 1.—Life cycle unipuncta in 


As many as 10 larvae could be reared in one 
jelly jar, but such jars required constant watching 
and almost daily replacement of the cotton wad 
and the disk because of moisture exuded by the 
larvae. Rearings with one to three larvae per 
jar proved the most satisfactory. However, jars 
holding even two larvae of the later instars had 
to be watched carefully for sweating, and canni- 
balism took place if insufficient food was supplied. 

In most instances, successful copulation and 
oviposition took place with only one male and 
one female in a cage. Placing numerous males 
and females in the same cage did not increase the 
activity of the moths, nor did it have any influence 
on the number of eggs laid per female. 


LIFE CYCLE 

In New Brunswick the armyworm overwinters 
as a partly grown larva. Development is 
completed in the early spring, and the adult 
moths first appear about the end of May. The 
irregular emergence of the adults is influenced to 
a great extent by chance or choice of the environ- 
mental conditions under which they develop. 
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This, and their longevity, add to the general 
difficulty in distinguishing generations. Moths 
have been taken at our light traps in every month 
from May to November. However, as there are 
two well-defined peaks for moths and for larvae, 
it is probably safe to say that there are two 
complete generations of the armyworm each 
year in New Brunswick. The life cycle based on 
these peaks is shown in figure 1 

Reproduction is gamogenetic, 
and females are in a 50:50 ratio. Copulation is 
necessary before egg laying takes place. The 
time required for mating, based on the periods 
when males and females were together prior to 
the commencement of oviposition, varied greatly 
with the individuals. Some copulated immedi- 
ately and the females began oviposition within 
24 hours, while others required up to 15 days. 

In the field, eggs are laid singly, usually on 
blades of grass, and hatchin6to 10days. During 
the first stadium the larvae feed on the bottom 
leaves and skeletonize them. Beginning with the 
second stadium, they attack the whole leaf, 
starting at the outer edge. Duration of the larval 
stadia in the field varies greatly, depending upon 
temperature and humidity. 

In laboratory rearings at a mean temperature 
of 72.6° F., 6 days were required for the egg to 
hatch; 6, 3, 3, 4, 4, and 6 days, respectively, for 
the successive larval stadia; and 15 days for the 
pupal stage. The average lengths of life of adult 
males and females, respectively, were 9 and 18 
days. 

Egg Laying.—Females in captivity oviposited 
readily on the paper towelling strips provided, 
when the temperature was in the vicinity of 70° F. 
Mating did not take place, nor did previously 
mated moths oviposit, at mean temperatures of 
40.7°, 55.0°, or 60°. At a mean temperature of 
62.7° (range, 56.6° to 68.7°) no mating occurred, 
though some movement of the adults was observed 
and some feeding took place; the bodies of the 
females were distended with eggs, yet none of 
them were laid. 

Cage experiments showed that a single female 
may be capable of laying more than 1,400 eggs. 
Results of several of the 1956 rearings are given 
in table 1. These show the potential of the 
armyworm to be greatly in excess of the 446-egg 
maximum reported by Davis and Satterthwait 
(1916). Most of the females in these experiments 
laid more than 400 eggs but there were great 
differences in the numbers laid even by moths 
reared from the same parents. With only a 
difference in the male caged with the female, and 
with no other differences in rearing technique, 
one adult might produce over 1,000 eggs while 
the number laid by others might vary from none 
to 100 or 200. 

Number of Molts.—There was no significant 
difference between males and females in the num- 
ber of molts of larvae reared at the same tempera- 


and the males 
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Eggs laid by individual females of Pseudaletia unipuncta at Fredericton, N. B., 
November 30 to December 21, 1956.* 


Table 1. 


Eggs in 
body 


Nov. | Dec. 
30 3 


10 11 13 14 17 18 19 | 20} 21 Totals 


687 
482 
368 
,197 
,229 
,455 
361 


] 21 67 164 
9 
15 48 41 164 
24 235 200 170 281 += 142 
25 ) 305 196 138 132 260 93 74 
26 16 340 417 357 181 109 
526 319 129 8&8 53 


-J 
nrors3iocro 


St & bo 
Coo 


33 54 46 26 70 


"Average daily maximum temperature 69.1 
humidity 81.9%, minimum 61.3%, mean 71.6%. 


Table 2 


rerage minimum 63.7°, mean 61.9° 


Average maximum relative 


Average duration (in days) of each stage of Pseudaletia unipuncta at different temperatures 


and humidities. Fredericton, N. B., 1957. 


Humidity* 


F 
56 6 
56.6 
5-51 96 
>51 
4-652 
65.2 


84.3 (90 
84.3 (90 
44.4 (70.3 
44.4 (70.3 
46.7 (67.6 
46.7 (67.6 
41.0 (66.8 
41.0 (66.8 
91.5-45.2 (68.4 
91.5-45.2 (68.4 


‘ 
‘ 


& 


88 
88 


92 


ono oH th ht & tv 


67 92 


> -68 


‘ 
‘ 
‘ 
‘ 
‘ 
e 


SO - & WW 


+68 

*A verage maximum-average minimum; means in parentheses 

*Eggs did not hatch at this temperature 
ture. Larvae reared at mean temperatures 
between 65° and 70° molted six times, unless 
subjected to overcrowding or starvation, but 
those reared at a mean temperature of 62.7° 
molted seven times. In an experiment where 
larvae were alternately starved for 24 hours and 
fed for 24 hours throughout the whole larval 
period, 71 percent molted seven times, the 
remainder six times. The sexes differed widely 
under these conditions, as 86 percent of the 
females and only 33 percent of the males molted 
seven times. 

Effect of Temperature upon Development.—The 
lowest mean temperature at which larvae could 
be reared was 62.7° F. Several batches of newly 
hatched larvae were tried before any were 
obtained that would feed at this temperature, 
and of those that fed only 52 percent reached 
maturity. To induce feeding it was necessary 
to hold them for 2 weeks at a mean temperature 
of 50° before placing them in the cabinet with 
the 62.7° mean temperature. Had it been pos- 
sible to hold the cabinet temperature steady at 
60°, very little development would have occurred, 
if any. In another experiment, carried out in 


arval stadia 


wwNw Www hw & w& 


the cold rooms at 55°, only third-, fourth-, and 
fifth-instar larvae fed at all, and their frass 
pellets averaged only approximately five per 
larva for the entire 21-day period they were kept 
at this temperature. 

Table 2 presents data taken from the insectary 
and greenhouse rearings in various temperature 
ranges, for which the average high, average low, 
and mean temperatures are given. The first 
series of these results is from an experiment 
conducted in the insectary, using an incubator 
set at 60°. This experiment was begun on Sep- 
tember 3, when it was hoped that outside tempera- 
tures thereafter would not rise appreciably above 
60° so as to affect the incubator temperature. 
However, some warm days did follow that raised 
the temperature considerably, both in the in- 
sectary and in the incubator. 

Effect of Adverse Temperature upon Development. 

Table 3 presents the results of experiments car- 
ried out in the winter of 1957, with armyworms 
reared in the greenhouse at a mean temperature 
of 65.0° and a mean relative humidity of 70.1%. 
Eggs, larvae of various instars, and pupae were 
placed for 21 days in the cold rooms of the 
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Table 3.—Subsequent history of Pseudaletia unipuncta exposed in various stages to suboptimum conditions for 21 
days, then returned to culture chamber at ¢ *. and 70% R.H. Fredericton, N. B., 1957. 


Stage Number | Percent | Number | Percent Percent oa 
exposed exposed | survival | pupated | emergence! females : 


Mean temperature * of cold room 40.7° F., mean R.H.* 89.9% 


First instar 2: 52.0 13 100.0 75.0 No feeding in cold room 
Second instar 2! 68.0 17 94.0 47.1 No feeding in cold room 
Third instar ~ — 

Fourth instar 2: 68.0 17 ¢ 66.6 No feeding in cold room 
Fifth instar 2: 48.0 9 § 77.7 No feeding in cold room 
Sixth instar , 41.6 4 75.0 No feeding in cold room 


Pupa : 100.0 33. 50.0 


Mean temperature” of cold room 55.0° F., mean R.H.” 65.1% 


100.0 100.0 54.5 Hatched 6 days after return to culture 
chamber 

No feeding in cold chamber 

No feeding in cold room 

Very little feeding in cold room 

Very little feeding in cold room 

Little feeding in cold room 

No feeding in cold room; burrowed in 
cotton 


Egg 


x 


First instar 2: 56.0 1: 92.8 
Second instar 2! 63.0 I 100.0 
2 


Third instar 2! 80.0 1 88.‘ 
Fourth instar 2: 68.0 l 76.5 
Fifth instar 25 80.0 I! 100.0 
Sixth instar ’ 100.0 58.3 


roth 


eS) 


Pupa 20 100.0 100.0 a0 0 


*Average daily maxima and minima 42.0° and 38.0°, 90.1% and 83.0%, respectively 
bAverage daily maxima and minima 56.0° and 52.0°, 77.5% and 61.7%, respectively 


Average width (in millimeters) of the head capsule of larvae of Pseudaletia 
unipuncta at the times of molting. Fredericton, N. B., 1957 


Larval instar 


No. of 


larvae 


Mean temperature 70.7° F., mean R.H. 


0.34 


3 


rr te 


I 


ae eee 


Mean temperature 65 0° F., mean R.H. 


0.35 0.60 0 96 
0 35 0.61 1.00 


Mean temperature 6% *., mean R.H. 


0.30 0.55 0.83 ¢ 1.79 
0.30 0.53 0 86 3% 1 7] 
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Forest Biology Laboratory, at mean temperatures 
of either 40.7° or 55.0°, and thereafter were 
maintained in culture chambers under the 
greenhouse conditions just described. 

The egg stage seemed not to be affected im- 
mediately by exposure to these low temperatures, 
as the hatch was 100 percent. However, the 
percentage of successful pupation among indivi- 
duals subjected to cold in the egg stage was 
approximately the same as among those so exposed 
in the various larval stages, which suggests that 
possibly there may have been some latent effect 
on the egg. The ability of larvae to survive 
exposure to the 55° temperature generally in- 
creased in successive stadia, but with those 
exposed to 40.7° the percentage of survival 
increased only up to the fourth stadium and 
decreased in the fifth and sixth. 

These samples probably are too small to permit 
drawiny any definite conclusions regarding dif- 
ferentiad effects of cold on the two sexes. How- 
ever, the, data in table 3 suggest that females 
survived subjection to 40° temperatures in their 
immature xtages better than did the males, as 
the ratio of hose maturing was nearer to 3:1 than 
to the norma! 1:1 ratio found in the field. 

Head-capsuy Measurements.—-Table 4 presents 
measurements of the width of the head capsule 
of the various larval instars reared under three 
sets of environmental conditions. The measure- 
ments of larvae reared at mean temperatures of 
65° and 70.7° agree very well with those reported 
by Davis and Satterthwait (1916), except in the 
sixth instar. Their average for this instar was 
1.31 mm. less than was found here, and was 
comparable to the width of the head capsule of 
seventh-instar larvae (table 4) that were reared 
at a lower temperature and thus molted seven 
times instead of six. In such larvae little differ- 
ence in head-capsule width between the fourth 
and fifth instars was noted; sixth-instar measure- 
ments agreed very well with those of fifth instars 
reared under more favorable conditions, but the 
head capsule of the seventh instar was found 
notably smaller than that of the sixth, and final, 
instar of larvae reared at 65° and 70.7° mean 
temperatures. 
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No appreciable differences were found between 
males and females in the width of the head 
capsule when larvae were reared under the same 
conditions. 


PARASITES 
The parasites reared from field collections of 
the armyworm in these studies were as follows: 


DIPTERA 
Fannia canicularis (L.) 
Muscina assimilis Fall. 
Pollenia rudis (Fabr.) 
Hylemyia fugax Meigen 
Phaenicia sericata (Meig.) 
Exorista melba Walk. 
Madremyia saundersi (Will.) 
Phryxe pecosensis (Towns. ) 
Winthemia sp., prob. militaris 
Winthemia rufopicta (L.) 
Netelia sp. 


(Wlsh.) 


HYMENOPTERA 
Ametastegia glabrata (Fall.) 
Meteorus communis (Cress.) 
A panteles militaris (Walsh) 
A panteles sp. 
Microgaster auripes Prov. 
Microplitis sp. 
Rogas terminalis (Cress.) 
Trachysphyrus albitarsis (Cress.) 
Phaeogenes hebrus (Cress.) 
Ichneumon canadensis (Cress.) 
Ichneumon sp. 
Promethes elongatus Prov. 
Hyposoter annulipes (Cress 
Mesochorus sp. 


That so great a variety of parasitic species are 
known to attack the armyworm might lead one 
to conclude that they probably would play an 
important role in controlling an outbreak. How- 
ever, the peak parasitism recorded in the present 
rearings was only 13.7 percent, reached in 1957 
when the population was at a very low level, and 
the average parasitism from 1953 to 1958 ran 
below 1 percent. 
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EFFECTS OF SOIL TEMPERATURE AND MOISTURE ON THE VERTICAL 
DISTRIBUTION OF EUROPEAN CHAFER LARVAE! 
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ABSTRACT 


Larvae of the European chafer, Amphimallon majalis 
(Raz.), in the field, moved down in the soil as it dried, 
though no pronounced change in their vertical distribu- 
tion was observed until after the drying had proceeded 
below the range of available soil moisture. In labora- 
tory studies, first- and second-instar larvae responded 
to a small moisture difference between two adjoining 
very dry soils, but did not respond to a similar slight 


The European chafer, Amphimallon majalis 
(Razoumowsky) (Scarabaeidae) is an introduced 
pest of grasses and winter grains which was first 
discovered in North America at Newark, New 
York, in 1940. The adults, which do not feed, 
are active from late June through mid-July, 
during which time they deposit their eggs in the 
soil. The eggs hatch in about 2 weeks. There 
are three larval instars, with the first being com- 
pleted in about 3 weeks, the second in 4 to 5 
weeks, and the third in about 9 months. Under 
the seasonal conditions found in central New 


York State, the life cycle is usually completed 
in 1 year. 

Larvae of the European chafer, under favorable 
growing season conditions, generally are found in 


the upper 2-inch layer of soil. Gyrisco et al. 
(1954) observed that movements of the larvae 
in the soil, both vertical and horizontal, were 
affected by moisture, frost, and food. If the soil 
was very dry in July and August, first-instar 
larvae remained at the 2- to 4-inch depth, where 
most eggs were laid, or even burrowed deeper. 
Second-instar larvae were found at a depth in 
excess of 6-inches under very dry conditions; 
they quickly returned to the upper 2-inch level, 
however, when the soil was artificially watered. 
Similar observations were made by Gambrell 
(1946), who noted that European chafer larvae, 
most of which were feeding at the 4- to 6-inch 
depth during a dry summer, quickly came to the 
upper 2-inches following the first heavy rains in 
September. 

The third-instar larva is the usual overwintering 
stage of the European chafer in central New York. 
Schwardt and Whitcomb (1943) found that third- 
instar larvae remained just below the frostline 
and closely followed the frost line to the soil 
surface in the spring. Gyrisco et al. (1954), 
however, presented data showing that under some 
conditions the larvae may be found several inches 
below the frostline. Apparently there is no 
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moisture difference between two wetter soils. 

Overwintering second-instar larvae migrated down- 
ward earlier in the fall, arrived at a greater winter depth, 
and moved back toward the surface later in the spring 
than did third-instar larvae. In the laboratory, second- 
instar larvae responded to an artificially created tempera- 
ture gradient by moving in largest numbers to soils 
having temperatures between 17° and 27° C. 


definite depth at which the third-instar larvae 
remain immobile throughout the winter. In 
many areas where there was a considerable snow 
cover, no frost was observed in the soil; Gyrisco 
et al. (1954) found that larval populations 
sometimes remained in the surface 2 inches. 
They further noted an apparent correlation 
between fluctuations in air temperature and the 
vertical movement of the larvae in the soil. 

The present studies were initiated in an attempt 
more precisely to determine how various levels 
of soil temperature and moisture affect the vertical 
distribution of European chafer larvae. The 
general patterns of response of the larvae to 
different soil temperatures and moistures were 
observed in the field. Concurrent laboratory 
studies were conducted to help interpret, under 
more closely controlled conditions, the field 
observations. 


FIELD STUDIES 

Twelve plots, each 10 feet square, were estab- 
lished at scattered locations in a meadow located 
on the eastern slope of a drumlin in Palmyra, 
Wayne County, New York. During the period 
from July 1956 through June 1957 a total of nine 
l-square-foot soil samples was taken from ran- 
domly selected locations in each plot. Each 
sample was removed to a previously determined 
minimum depth and to at least 3 inches below the 
deepest larva found. The minimum depth varied 
with the season, from 6 inches in July to 15 inches 
in midwinter. The soil was removed in 1-inch- 
thick layers and, during the time first- and small 
second-instar larvae were present, was sifted 
through 14 by 18 mesh screen. During the 
remainder of the study, starting in September 
1956, the soil was sorted by hand for larvae. In 
the winter, the frozen surface soil was removed 
and broken apart with a small hand pick. 

A plaster-of-paris soil-moisture block? was 

8The authors gratefully acknowledge the assistance 
of C. S. Koehler, E. W. Huddleston, R. J. Little, Jr., 
and H. H. Neunzig. 

‘Industrial Instruments, 
Jersey. 


Inc., Cedar Grove, New 





1960] Shorey and Gyrisco: 
buried at a depth of 2 inches in the soil in the 
center of each plot. Each time a plot was 
sampled for larvae, a reading of ohms of resistance 
was obtained from the moisture block by the use 
of a Model C Bouyoucos soil-moisture bridge.‘ 
After correction for soil temperature, the resis- 
tance was converted by a special slide rule’ to 
percentage available soil moisture, which varies 
from 100% when the soil is moistened to about 
field capacity to 0% at a level of moisture slightly 
below the permanent wilting point for plants. 
Shorey et al. (1960) discussed some advantages 
of this method for measuring soil moistures in 
biological research. Each time a moisture reading 
was obtained, the sensitive element of a dial 
thermometer was inserted to a depth of 2 inches 
in the soil so that the temperature near the 
block could be measured. 

A similar field study was conducted from June 
through September 1958, in a gently sloping 
meadow located in Sodus, Wayne County, New 
York. The procedures used were modified from 
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Fic. 1.—Average depths of larvae of the European 
chafer in soils of differing moisture content. The 
number in parentheses above each bar represents the 
number of larvae found in that moisture range 


those discussed above in the following manner: 
Nine plots, each 8 feet square, were established. 
To produce extremes of moisture, three plots 
were shielded from rain by roofs made of clear, 
sheet polyethylene, and three plots were watered 
sufficiently often to maintain the soil moisture 
level near field capacity. Continuous soil temper- 
ature records were obtained by the use of re- 
cording thermometers, the sensitive elements 
of which were buried close to the soil-moisture 
blocks. Each plot was sampled weekly during 
the period of study, with a minimum sampling 
depth of 8 inches. 

The mean depths of first-instar larvae in 1956 
and 1958 and of second-instar larvae in 1958, 
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found in soils falling within each of four moisture 
ranges, are summarized in figure 1. Data for 
second- and third-instar larvae are not shown for 
1956, since extremes of moisture did not occur 
while larvae of those instars were abundant. 
During 1958, only data concerning those second- 
instar larvae taken after August 1 were sum- 
marized for presentation in figure 1. Second- 
instar larvae taken before that date were almost 
certainly of the 1957 brood and, as will be dis- 
cussed below, remained at a generally greater 
depth than did those of the 1958 brood. 

The mean depths of larvae found in samples 
taken during each of several periods during the 
winter of 1956-1957 are shown in figure 2. Each 
plot was sampled once during each period. The 
mean soil temperature, at the 2-inch depth, for 
the sampling dates within each period is shown 
also. 
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Fic. 2.—Average depths of larvae of the European 
chafer at six sampling periods. The numbers in paren- 
theses under the vertical lines represent the actual 
number of larvae found. 


DISCUSSION OF FIELD STUDIES 

A definite change in the vertical distribution 
of the larvae in the field was noted as the soil 
dried (fig. 1). Regression analysis of the orginal 
sampling results, weighted to account for unequal 
numbers of larvae in the samples, revealed a 
significant increase in larval depth as the soil 
moisture decreased. The data suggest the possi- 
bility that the vertical distribution of first- and 
second-instar larvae of the European chafer 
may not be strongly influenced by the range of 
soil moisture available to plants, and that the 
so’l must become severely dried to a point below 
the range of available soil moisture before a 
pronounced downward movement of larvae occurs. 
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Kevan (1955) has stated that grubs of cockchafers 
can exist satisfactorily in the presence of saturated 
air. The air in the soil pore spaces is approxi- 
mately saturated throughout the range of avail- 
able soil moisture, although the hygroscopic 
property of soils and the presence of substances 
in solution lower the relative humidity somewhat 
as the soil moisture decreases toward the perma- 
nent wilting point for plants (Jones 1951). 
Granovsky (1958) conducted an _ intensive 
study of the vertical distribution of Phyllophaga 
spp. in the soil. He concluded that the larvae, 
in their active feeding states, can tolerate a 
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Fic. 3.—Average percentages of larvae of the Euro- 
pean chafer entering the lower of pairs of alternate soil 
moistures. Dashed lines indicate 95% confidence 
intervals. 


relatively low soil moisture, apparently obtaining 
sufficient water to develop from the succulent 
roots of plants. The larvae responded to differ- 
ences in soil moisture, however, and quickly 
moved up or down after each precipitation to 
reach the most suitable moisture conditions. 
Although the third-instar larva of the European 
chafer is the usual overwintering stage, an op- 
portunity was afforded during the winter of 
1956-57 for a study of the overwintering habits of 
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second-instar larvae. Probably because the pre- 
ceding growing season had been unusually cool 
and damp, about one-half the larval population 
in the experimental area was still in the second 
instar when winter began. The second-instar 
larvae apparently survived the winter success- 
fully, though their vertical distribution pattern 
differed considerably from that of the third- 
instar larvae (fig. 2). Weighted linear regression 
anelysis of the original data indicated that the 
depths of larvae of both instars increased as the 
soil measured at the 2-inch depth cooled. How- 
ever, the second-instar larvae arrived at a sig- 
nificantly greater maximum average depth than 
did third-instar larvae. The third-instar larvae, 
in general, appeared to move down in advance of 
the frost, though depths of individual larvae 
varied considerably, from 0 to 10 inches below 
the frostline. Second-instar Jarvae, on the other 
hand, appeared to descend to a definite depth of 
about 8 to 10 inches, at which they remained 
throughout the winter. Moreover, the second- 
instar larvae moved down earlier in the fall and 
remained at the winter depth longer in the spring 
than did third-instar larvae. Similar behavior 
patterns have been reported by Ritcher (1940) 
and Granovsky (1958), who observed that second- 
instar larvae of Phyllophaga spp. returned to the 
surface layers of the soil later in the spring than 
did third-instar larvae. 

Those larvae that overwintered in the third 
instar pupated at the usual time in late May and 
early June 1957. Observations in both 1957 and 
1958 indicated that most of the larvae that 
overwintered in the second instar did not enter 
the third instar until the following August or 
September. Therefore, they had required nearly 
1 year to complete the second instar, as opposed 
to the usual 4 to 5 weeks. During the spring and 
summer they had remained at an average depth 
in excess of 2 inches. This prolonged period of 
apparently reduced activity may be indicative of 
a mechanism serving to lengthen to a full 2 years 
the life cycle of those individuals that do not 
reach the third instar before the first winter 
Such a mechanism might cause them to become 
adults at a favorable time of year, their emergence 
coinciding with that of adults of 1-year-life-cycle 
individuals. 

Regnier (1939) reported that the European 
chafer has a 2 year life cycle in Normandy, 
France. The mature larvae pupate in early 
June and the adults are active from late June 
through mid-July. It appears possible that 
New York may be near the northern limit of a 
potential 1-year life cycle area in North America 
and that, at more northerly latitudes, most 
individuals might require 2 years. 


MOISTURE ALTERNATIVES 
Five moisture alternative chambers were con- 
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structed. Each consisted of a 5¢-inch-thick 
layer of soil placed between two 8 by 10-inch 
plates of glass and held in place by a gasket made 
of rubber tubing. The soil in one half of the 
enclosed space was of one predetermined moisture, 
and that in the other half was of a slightly higher 
moisture. A sharp line of demarcation was 
found to remain between the two moisture levels. 
Five combinations of two moi‘stures each were 
tested, giving comparisions between 2% and 4%, 
4% and 6%, 6% and 8%, 8% and 10%, and 10% 
and 12% of soil dry weight. 

The soil had been prepared in the following 
manner: 500 grams of sifted, oven-dried, loam 
soil were placed in l-quart jars. The desired 
moisture level was established by the addition 
of a measured amount of distilled water, followed 
by gentle shaking. 

The tests were conducted for both first- and 
second-instar larvae and were replicated for each 
instar on five different days during the period 
between July 31 and September 10, 1957. On 
each day, five larvae were placed 0.5 inch apart 
along the line of demarcation between the mois- 
tures in each chamber. Sheets of cardboard were 
fastened to the outsides of the glass plates to 
exclude light. The chambers were maintained 
horizontally at a constant temperature of 20° C. 
for approximately 24 hours, after which the glass 
plates were removed and the soil was sifted for 
larvae. Mean percentages of larvae found in the 
lower of the two alternative moistures available 
in each combination are shown graphically in 
figure 3. The data were transformed for analysis: 
angle=arcsin percentage. Note that, in the 
figure, the ordinate has been left on the trans- 
formed scale. 


Discussion of Moisture Alternatives 


If movement of the larvae were not influenced 
by the soil moisture level, approximately 50% 
would have been found in the lower and 50% in 
the higher of the two moistures in each com- 
parison. However, both first- and second-instar 
larvae avoided soil containing 2% and entered 
that containing 4% moisture by weight. No 
consistent trend was noted for the larvae to 
congregate in large numbers in either moisture 
level in the comparisons between 4% and 6%, 
6% and 8%, 8% and 10%, or 10% and 12% 
soil moistures. 

For the soil used, approximately 6% and 21% 
moistures by weight correspond to 0% and 100% 
available soil moistures, respectively. The larvae 
apparently responded to small moisture differences 
between very dry soils more readily than they did 
between soils of more moderate moisture content. 
Therefore, they may not be strongly stimulated 
to migrate downward under natural conditions 
until the surface soil becomes dried to below the 
range of available soil moisture. 
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TEMPERATURE GRADIENTS 

The change in the vertical distribution of 
European chafer larvae in the field during the 
winter of 1956-57 appeared to be a function of a 
gradient of temperatures produced in the soil. 

This reaction was believed to be independent 
of any effect of soil moisture, because the soil 
became noticeably moist in early fall and remained 
in that state until late spring. To help clarify 
the effects of temperature on movements of the 
European chafer, a study was conducted during 
the summer of 1958 to determine whether second- 
instar larvae can respond to an artificially created 
gradient of soil temperatures. 

The temperature-gradient apparatus used was 
similar to that described by Campbell (1937). 
It consisted of an insulated, sheet-metal box, 
52 inches long, which was divided by sheet-metal 
partitions into three compartments. The com- 


NO. OF LARVAE 


is 20 25 


TEMP IN DEGREES C 


Fic. 4.—Numbers of second-instar larvae of the 
European chafer found at various temperature ranges in 
a soil temperature gradient. 


partment at one end of the box was filled with 
water, which was maintained at 43°+1° C. by 
means of a thermostatically controlled heating 
element. That at the other end was filled with 
ice and water; by the addition of salt (NaCl), 
the water was kept at a temperature of approxi- 
mately —1° C. 

Two 36-inch-long sections of galvanized eave 
trough were welded into the central compartment, 
being fastened on each end to the partitions 
separating the central compartment from the 
hot and cold compartments. The troughs were 
situated so that the upper, open portion of each 
was flush with the upper, open portion of the 
central compartment. The remainder of the 
compartment was filled with moistened sand, 
which served as insulation and aided in the 
maintenance of a uniform temperature gradient. 
Sifted loam soil was placed in each of the troughs. 
The soil was made compact by hand and was 
piled slightly higher than the tops of the troughs 
so that it would fit tightly against a sheet metal 
cover, which sealed the top of the central com- 
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partment when the gradient was in operation. 
Holes, of sufficient diameter to permit the in- 
sertion of the stem of a dial thermometer, were 
drilled at 2-inch intervals in the cover in a row 
above each of the troughs. Thus, the tempera- 
ture could be measured at 17 locations in each 
trough. 

On September 11, 1958, 30 second-instar larvae 
were placed singly in small holes made in the 
soil at approximately equally spaced intervals 
along each trough. After 2 days, the soil was 
removed from the troughs in 2-inch-thick sections 
and was sifted and examined for larvae. The 
pooled results for the two troughs are shown in 
figure 4. 


Discussion of Temperature Gradients 


The second-instar larvae moved from the 
regions having the lowest and highest soil temper- 
atures and congregated in largest numbers in the 
area having a temperature range between 17° and 


27° C. This temperature zone is suitable for 


development, and a mechanism causing migration 
toward this zone may be of survival benefit to the 
species, preventing exposure to extremely high 
or low soil temperatures. No exact conclusions 
can yet be drawn from these temperature- 
gradient studies, however, since it is possible 
that the response could be modified by such factors 
as the level of soil moisture, the previous tempera- 


INSECTS OF MICRONESIA. DIPTERA: CERATO 
POGONIDAE, by Masaaki TokunaGa and E. K. 
Muracui. B. P. Bishop Museum, Insects of Micro- 
nesia, vol. 12, no. 3, pp. 103-434, 98 text figures. 
$5.00. 


The progress of the past 50 years in the taxonomy of 
the ceratopogonid biting midges is admirably displayed 
in this major contribution to our knowledge of the 
insects of Micronesia. What has long been regarded as 
a small obscure family has apparently blossomed out in 
these Pacific islands into a major faunal element. One 
hundred and forty-seven species, including eighty-eight 
new to science, in sixteen genera, are reported from a 
collection of about six thousand specimens. The evi- 
dence of their extensive speciation and widespread 
occurrence in Micronesia reflected in the recording of 
eighty-two of these species from more than one island 
group in Micronesia, while only fourteen species are also 
known from outside Micronesia. 

Professor Tokunaga and his former student, Mrs 
Murachi, have arranged these species in the most up-to- 
date classification which is well outlined and reviewed 
in the introduction. It is particularly reassuring to 
note the success with which the Micronesian Forcipomyia 
species have been arranged in Saunders’ recent classifica- 
tion of subgenera, to which the authors have added one 
named and four unnamed new ones. The reduction in 
rank of Lasiohelea and Pterobosca to subgenera of 
Forcipomyia is a well justified step. The large genus 
Forcipomyia, with thirty-eight species, is outranked in 
Micronesia only by Dasyhelea with forty-four species 
The authors’ treatment of the latter very difficult genus 
rates as excellent, with emphasis on a new and very 
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ture-conditioning of the larvae, and the larval 


instar tested. 
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useful character, the female subgenital plate. The 
man-biting genus Culicoides is represented in the 
Micronesian Islands by thirteen species, of which four 
are described as new. 

Features making this publication a most useful 
general reference for students and specialists alike include 
in the introduction a detailed glossary of characters and 
terms used in ceratopogonid classification. Their 
utility would have been greatly enhanced if a plate of 
labelled morphological drawings could have been in- 
cluded alongside. The generic diagnoses are good and 
reflect Professor Tokunaga’s long experience (twenty- 
five years) with the group. All species are fully described 
or redescribed and each illustrated with a few well ex- 
ecuted drawings of the most useful characters, including 
wings, antennae, palpi, scutellum, female spermathecae 
and subgenital plates and the male genitalia. Inclusion 
of keys to the genera, subgenera and all species, the 
latter usually keyed separately for each sex because of 
sexual dimorphism, provide a workable basis now for the 
identification of the Micronesian fauna. 

Biologists interested in the Pacific insect fauna, and 
Dipterists in particular, will extend congratulations to 
the authors for this outstanding work and owe the 
B. P. Bishop Museum and its patrons a debt of gratitude 
for their financial and organizational support. The 
successful completion of this major work should offer 
encouragement for support of badly needed faunal 
revisions in other groups of animals. 

Witus W. Wirth, 

Entomology Research Division, 

U. S. Department of Agriculture, 
Washington, D. C. 
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ABSTRACT 


PROCECIDOCHAROIDES, type P. penelope (7ry- 
peta (Oedaspis) penelope Osten Sacken, from Illinois, Ohio, 
and Pennsylvania) also includes P. caliginosa (New 
Mexico), P. flavissima (California), and P. pullata 


The tephritid fly known in North American 
literature as Procecidochares penelope (O.S.) 
differs from other species assigned to that genus 
by a number of taxonomically important features 
deemed of generic significance. This paper estab- 
lishes a new genus for penelope and three new 
and closely allied North American fruit flies, all 
of which are rare in collections. 

Procecidochares Hendel and the new genus 
Procecidocharoides, herein described, belong to 
the Oedaspinae as characterized by Hering (1947). 
Procecidochares was established in 1914 to receive 
Trypeta atra Loew and its North American 
relatives that previously had been assigned to 
the European genus Oedaspis. No further restric- 
tions in generic concepts relating to these flies 
were made until Aldrich (1928) revised the group, 
at which time he erected Callachna to receive 
gibba Loew, a species that differs from atra and 
relatives by a number of distinctive characters. 
Although Cal!’achna is similar to Procecidochares 
in its wing pattern and shining body, I consider it 
rather distantly related because of its peculiarities 
of wing venation, abundance of highly colored 
pollinosity, and differently shaped head. 

Species of Procecidochares are gall makers in 
various plants, principally Artemisia, Chryso- 
thamnus, Grindelia, and Solidago spp. The 
biology of Procecidocharoides is virtually unknown, 
except that in Siskiyou County, California, adults 
of pullata, n. sp., have been caught in ammonia 
traps baited for Rhagoletis cingulata (Lw.). 

The specimens contributed by F. L. Blanc, 
California Department of Agriculture, Sacra- 
mento (CDA); Mrs. Alan Kohn (Marian Adachi), 
formerly University of Arizona, Tucson (UA); 
E. S. Ross, California Academy of Sciences, San 
Francisco (CAS); and G. Wallace, Carnegie 
Museum, Pittsburgh, Pennsylvania (CM), made 
this study possible; the Museum of Comparative 
Zoology, Cambridge, Massachusetts (MCZ) and 
the U.S. National Museum (USNM) were im- 
portant sources of study material. The locations 
of the specimens seen are indicated in the text 
by the initials indicated above. 
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(Arizona and New Mexico). This and the closely allied 
genus Procecidochares pertain to subfamily Oedaspinae; 
Callachna is considered rather distantly related. 


Genus Procecidocharoides, new genus 

Diagnosis.—Head in profile suboval; frons 
bare, usually tumid, about one-third as wide as 
head; face receding beneath antennae; eye 0.8 
to 0.9 times as high as head; head not markedly 
swollen posteroventrally. Third antennal seg- 
ment rounded, not ending in a sharp point 
dorsoapically. Head bristles light brown to 
black; three lower fronto-orbitals, the middle one 
usually longest; two upper fronto-orbitals, in a 
line set inside that of lower fronto-orbitals, the 
posterior shorter than anterior; ocellars extremely 
long; outer verticals long; postoculars slender, 
sharply pointed, dark brown to black, sometimes 
of mixed colors; genal bristle prominent. Meso- 
notum covered in various patterns with numerous 
short, stout, light-colored setae; two pairs dorso- 
centrals, one anterior and one posterior to suture; 
scutellum usually shining, somewhat swollen, 
with two pairs long bristles. Wing with four or 
five distinct bands; the basalmost one transverse 
and covering veins h, M, Cu, and 2nd A, some- 
times extending to extreme wing base; second 
band transverse and covering stigma, vein Ms, 
and apex of cell Ist A; fourth band oblique, 
fused with second band at stigma and covering 
veins r-m and m; third band, when distinct, 
situated midway between second and fourth 
bands in cell Cu; and fused with second band in 
vicinity of vein M;+Cu, third band sometimes 
present in cell Cu; as an indistinct brownish 
cloud, fused or not with second band; second, 
third, and fourth bands ending in posterior wing 
margin but separated from each other there by 
hyaline areas; fifth band fused with second at 
stigma and proceeding along costa into anterior 
corner of cell 2nd M2; remainder of wing hyaline; 
node and vein R23 bare. Ovipositor sheath of 
female never longer than 1.5 times length of 
preceding abdominal tergum. 

Type-species—Trypeta (Oedaspis) 
sten Sacken. 
O  Discussion.—Procecidocharoides strikinglyre- 
sembles Procecidochares Hendel in wing pattern, 
head structure, and mesonotal adornment; the 
type-species of the former genus, penelope, has 
always been associated with the species com- 


penelope 
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prising Procecidochares (see Aldrich 1929). How- 
ever, the presence of two pairs of upper fronto- 
orbitals, the much less swollen scutellum, the 
more oblique position of the central wing bands, 
and the presence of a dark cloud or distinct band 
between the second and third wing bands is 
sufficient to distinguish Procecidocharoides. Pro- 
cecidochares anthracina (Doane), grindeliae Ald- 
rich, and atra (Loew) each possess a pair of pre- 
sutural dorsocentrals in addition to the usual 
pair. Although this is an unusual character in 
the family Tephritidae, it may not be used as a 
means of distinguishing the two genera. 


KEY TO NORTH AMERICAN SPECIES 
OF PROCECIDOCHAROIDES 
1. Abdomen entirely brownish yellow 2 
Abdomen entirely black. . 3 
Second wing band (from base) distinc tly wider than 
length of vein Ms;; lateral yellow area of meso- 
notum extremely narrow, barely including bases 
of notopleural bristles . penelope (O. S.) 
Second wing band (from base) about as wide as 
length of vein M;; lateral yellow area of meso- 
notum wide, including bases of notopleural and 
postsutural bristles . flavissima, n. sp. 
Anterior half of thoracic pleural area yellow; femora 
entirely yellow... pullata, Nn. sp. 
Thorax entirely black; at least basal half of fore 
femur and basal two-thirds of mid and hind 
femora dark brown or black, remainder of legs 
yellow caliginosa, n. sp. 


Procecidocharoides penelope ((. S.) 
new combination 
(Fig. 1) 

Trypeta (Oedaspis) penelope Osten Sacken 1877, Bull. 
U. S. Geol. and Geogr. Surv. 3: 346 [c”, 9? ].—Osten 
Sacken 1878, Smithsonian Misc. Coll. 16(270): 191. 

Oedaspis penelope: Aldrich 1905, Smithsonian Misc. 
Coll. 46(1444): 606. 

Procecidochares penelope: Phillips 1923, Jour. New York 
Ent. Soc. 31: 137, pl. 18, fig. 29.—Johnson 1925, Occas. 
Papers Boston Soc. Nat. Hist. 7: 262.—Aldrich 1929, 
Proc. U. S. Natl. Mus. 76(2): 2, ¢ 
Female.—Head: Frons brownish yellow, at 

vertex ().9 times as wide at vertex as length from 
vertex to lunule. In profile, head suboval, eye 
0.8 times as high as head; frons tumid; face 
whitish yellow, slightly retreating beneath an- 
tenna, very slightly projecting at oral margin. 
Antenna yellow, 0.75 times as long as face; third 
segment broadly rounded apically; arista dark 
brown. All head bristles light brown; inner and 
outer verticals, anterior upper fronto-orbitals, 
ocellar, and genal bristles either larger or longer 
or both than lower fronto-orbitals. 

Thorax: Humerus and narrow band in region of 
notopleurals yellow, remainder of mesonotum 
shining black; entire presutural area covered by 
short, stout, golden brown hairs extending pos- 
teriorly in four rows, the two lateralmost rows 
extending posteriorly to posterior supra-alars, 
submedian rows to scutellum where they form 
dense, paired tufts; scutellum, postscutellum, and 
metanotum shining black, this color extending 
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forward to include hypopleura above spiracle; 
black spot at ventral margin of hypopleura 
immediately above hind coxa; ventral two-thirds 
of sternopleura black; remainder of pleural 
tergites yellow. Legs entirely brownish yellow, 
concolorous with abdomen. Wing as in generic 
description; second band (from base) distinctly 
wider than length of vein Mz, light brown except 
in apices of cells 2nd C and 2nd A; hyaline area 
near apex of cell R about as long as vein r-m, 
measured along vein M42; hyaline portion of 
cell Cu; with a central brownish cloud not con- 
nected to second band along vein M3;+Cuy; veins 
r-m and m parallel, separated from each other by 
a distance less than length of vein r-m measured 
along vein Mi42; apical band usually with two 
marginal hyaline indentations, a shallow one in 
cell R,; (not shown in fig. 1), and a deeper one, 
sometimes doubled, at apex of vein Re4s. 

Abdomen: All terga and sterna yellow or 
yellowish brown, some specimens each with a 
narrow, somewhat manner yellow posterior mar- 
gin; tergum V 1.1 to 1.2 times as long as tergum 
IV; ovipositor sheath very short, subequal in 
length to tergum IV, entirely yellowish brown. 

Male.—Known but not seen in this study. 

Type and material examined.—Holotype 
with the following labels: ‘Manlius, N.Y.,”’ 
“Osten Sacken Coll.,” “Type 10246,” and 
“Oedaspis penelope O.S..” In the Museum of 
Comparative Zoology, Cambridge, Massachusetts. 
ILLINoIs: 19, Cook Co., 20.VIII.1944 (USNM) 
Outo: 19, Columbus, 26.VIII.1952, F. W. Mead 
(USNM). PENNSYLVANIA: Ohio Pyle, 19. 
VIII.1907, H. Kahle (CM). 

Discussion.—This long-known eastern North 
American species resembles flavissima, n. sp., 
but may be distinguished from it easily by the 
broader wing bands, the more approximate 
positions of veins r-m and m relative to each 
other, and by the unicolorous ovipositor sheath. 
For additional differences also see the discussion of 
penelope and flavissima are the 
only members of the genus with entirely yellow 
abdomens. 


Procecidocharoides flavissima, new species 
(Fig. 2) 

Female—Head: Frons yellowish, at vertex 2.0 
times as wide as one eye, width at vertex equal to 
length from vertex to lunule. In profile, head 
suboval; eye 0.8 times as high as head; frons 
tumid; face whitish yellow, slightly retreating 
beneath antenna, projecting anteriorly at oral 
margin. Antenna yellow, 0.6 times as long as 
face; third segment rather narrowly rounded 
apically; arista dark brown except at enlarged 
base which is brownish yellow. All head bristles 
light to dark brown; ocellars and inner verticals 
longer than lower fronto-orbitals. 

Thorax: Mesonotum about one-half yellow, 
the shining black area excluding humerus, 
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notopleurals, postsutural, and supra-alars later- 
ally and acrosticals centrally (but to include both 
pairs dorsocentrals), terminating posteriorly dis- 
tinctly anterior to scutoscutellar suture in two 
bands; entire black area covered by short, stout 
blunt, golden yellow setae distributed in a manner 
similar to that in penelope. Scutellum yellow 
except for paired triangular black spots laterally 
that enclose bases of anterior scutellars; post- 
scutellum and metanotum black, this color 
extending laterally only to surround base of 
halter; remainder of pleural tergites yellow except 
for the black ventral two-thirds of sternopleura. 
Legs evenly brownish yellow. Wing as in generic 
description; second band (from base) slightly 
wider than length of vein M;, brown except in 
cell 2nd A and in base of cell Cu,; hyaline area in 
cell R usually extending completely across cell 
and 2.0 to 2.5 times as long as vein r-m measured 
along vein Mj42; hyaline portion of cell Cu; with 
a rather well-defined transverse band merging 
with second band in cell Ist Me, the hyaline area 
in cell Cu, distad of second band usually attaining 
vein M;+Cu1; veins r-m and m not quite parallel, 
separated from each other by a distance greater 
than length of vein r-m measured along vein 
Mi42; apical band with a marginal hyaline in- 
dentation at apex of vein R24; and usually two 
additional ones in cell R,, sometimes a small 
one immediately distad of apex of stigma. 

Abdomen: All terga and sterna light yellowish 
brown, some specimens each with a narrow, 
somewhat lighter yellow posterior margin; tergum 
V subequal in length to tergum IV; ovipositor 
sheath 1.3 times as long as tergum V, distal and 
proximal thirds dark brown to black, middle 
third yellow. 

Male.—Similar to female in all respects except 
terminalia, which are ventral in position and 
yellow in color. 

Types and material examined. ‘otype female 
with the following labels: micv. Yreka, 
Siskiyou Co., 7.VII.59,” “ex cherry,” “‘.. Klande, 
collector,’ and ‘‘Cal. Dept. Agric. No. 59G13—4.” 
“U.S. National Museum Type No. 64858.” 
Paratypes (all CALIFORNIA): Siskiyou Co.: 19, 
Yreka, 7.VII.1959, R. Kle-de (CDA); 10, 
Happy Camp, 16.VIII.1956, W. W. Wiard 
(USNM); 1, Dunsmuir, 12.VIII.1956, W. W. 
Wiard (CDA); 19, Mt. Shasta, 17.VIII.1956, 
W. W. Wiard (CDA); 29 9, Etna, 22. VIII.1957, 
in Frick trap in cultivated cherry, M. Truitt 
(CDA). Fresno Co.: 19, Huntington Lake, 
11.VII.1919, 7,000 ft., F. E. Baisdell (CDA). 
Eldorado Co.: Fallen Leaf Lake, VIITI.1931, O. B. 
Swezey (CAS). 

Discussion.—P. flavissima is closely related to 
penelope, the eastern representative of the genus, 
in the possession of an entirely yellowish-brown 
abdomen and by the yellowish color of the abun- 
dant mesonotal setae. It differs by characters 
already discussed for penelope, and may be further 
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differentiated by the wide yellowish mesonotal 
band which encloses the bases of not only the 
notopleural but the postsutural bristle as well. 


Procecidocharoides pullata, new species 
(Fig. 3) 

Female.—Head: Frons brownish yellow, at 
vertex 1.1 times as wide as one eye, 0.9 times as 
wide at vertex as length from vertex to lunule. 
In profile head suboval; eye 0.8 times as high as 
head; frons somewhat tumid; face whitish yellow, 


Right wings of Procecidocharoides species, females, 
dorsal view. Fic 1.—P. penelope (O. S.). Fic. 2. 
P. flavissima,n. sp. Fic. 3.—P. pullata,n.sp. Fic. 4. 
P. caliginosa, n. sp. 
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distinctly retreating beneath antennae, ventral 
one-third projecting anteriorly to oral margin. 
Antenna brownish yellow, 0.8 times as long as 
face; third segment rounded broadly apically; 
arista dark brown except at extreme base. All 
head bristles except postoculars dark brown or 
black, shining; postoculars light brown; ocellar 
and inner vertical longer than lower ~ fronto- 
orbital. 

Thorax: Entire mesonotum black, humerus and 
area at base of posterior notopleural bristle light 
brown; dorsal areas of mesonotum finely and 
sparsely dusted and with a broad band of white, 
short, blunt setae arising immediately behind 
head and extending posteriorly between dorso- 
centrals to scutoscutellar suture, another lateral 
band, three to four setae wide, extending pos- 
teriorly from humerus to level of posterior supra- 
alar; remainder of mesonotum, ali of scutellum, 
postscutellum, and metanotum shining black; 
black extending laterally from metanotum to 
include hypopleura above spiracle and parts of 
pteropleura; sternopleura mostly dark brown or 
black; remainder of pleural tergites yellowish 
white. Legs entirely brownish yellow. Wing as 
in generic description; second band (from base) 
slightly wider than length of vein M3, evenly 
dark brown except in apical half of stigma, which 
is somewhat lighter; hyaline area in cell R 2.5 to 
3.0 times as long as vein r-m measured along vein 
Mi,.; third band no wider than length of vein 
r-m; hyaline area in cell Cu, with a faint brownish 
cloud joining second band immediately posterior 
to vein M;+Cu: or upon it; veins r-m and m 
distinctly not parallel, the latter situated in an 
oblique position, these two veins separated by a 
distance along vein Mi,2 which is greater than 
length of vein r-m; apical band with only two 
marginal hyaline indentations, the basalmost one 
(near apex of cell R;) always longer than that at 
apex of vein Ro,; and usually extending completely 
across cell as shown in fig. 3. 

Abdomen: Entirely shining black; tergum V 
1.1 times as long as tergum IV; ovipositor sheath 
black, 1.1 times as long as tergum V. 

Male.—Not known. 

Types and material examined.—Holotype 9 
with the following label: ‘Chiricahua, Ariz., 
Aug. 8, 1955, Butler—Noon.” U.S. National 
Museum Type No. 64859. Paratype: 19, Mag- 
dalena Mts., Socorro Co., N. Mex., 19. VIII.1951, 
E. L. Kessel (CAS). 

Discussion.—P. pullata, n. sp., and P. cali- 
ginosa, N. sp., are quite similar in the possession 
of an entirely black abdomen and ovipositor 
sheath, a character which immediately dis- 
tinguishes them from penelope and flavissima. 
P. pullata, however, has entirely yellow legs, the 
anterior half of the pleural area is yellowish white, 
and the distribution of the numerous whitish 
mesonotal setae is quite different than in cali- 
ginosa, providing a ready means of distinguishing 
the two last-named members of the genus. 
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Procecidocharoides caliginosa, new species 
(Fig. 4) 

Female .—Head: Frons brownish yellow, at 
vertex about as wide as width of one eye, 0.9 
times as wide at vertex as length from vertex to 
lunule. In profile, head suboval; eye 0.9 or 
more times as high as head; frons but little tumid; 
face whitish yellow, upper half retreating beneath 
antenna, lower half markedly produced anteriorly. 
Antenna yellow to yellow-brown, 0.66 times as 
long as face; third segment broadly rounded 
apically; arista dark brown except at extreme 
base, which is yellow. All head hairs black except 
a few postoculars, which are whitish; ocellars and 
inner verticals longer than lower fronto-orbitals 

Thorax: Mesonotum completely black in 
ground color, lightly dusted in a rectangular 
area extending from immediately behind head to 
scutoscutellar suture and laterally to (but not 
including) presutural bristle; four rows of white, 
blunt, short setae present upon this area, the 
submedian pair, one or two hairs wide, extending 
from head nearly to acrosticals and just inside 
dorsocentrals, the lateral pair each three to five 
hairs wide extending entire length of mesonotum 
along lateral margins of dusted area; scutellum 
and remainder of thorax entirely shining black. 
At least basal three-fourths of mid and hind 
femora and at least basal half of fore femur black; 
remainder of legs yellowish brown. Wing as in 
generic description; second band (from _ base) 
distinctly wider than length of vein M3, rather 
evenly dark brown except posteriorly, where it 
becomes lighter in color; no hyaline area near 
apex of cell R; hyaline portion of cell Cu; with a 
distinct brownish central cloud widely connected 
to second band along vein M3;+Cu,; veins r-m 
and m distinctly not parallel, the latter with a 
distinct bend anterior to which a continuation of 
the vein nearly intersects stigma; apical band with 
two distinct marginal hyaline indentations as 
shown in figure 4, and two additional ones, more 
basal and much less distinct. 

Abdomen: Entirely shining black; tergum V 
1.1 times as long as tergum IV; ovipositor sheath 
entirely black, subequal in length to tergum IV. 

Male.—Not known. 

Type.—Holotype 9 with the following labels: 
“Magdalena Mts., Socorro Co., N. M., 8.19.51, 
E. L. Kessel, Collector.” In the California 
Academy of Sciences, San Francisco. This is the 
only specimen seen in this study 

Discussion.—The possession of dark brown or 
black femora and the entirely black thorax and 
abdomen provide ready means for distinguishing 
this species from all other Procecidocharoides. 
This species most closely resembles certain species 
of Procecidochares, but in addition to the generic 
characters discussed above, the possession of a 
distinct short, dark band in the hyaline area of 
the wing between the second and third transverse 
bands and the unique distribution of the pale 
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mesonotal hairs are sufficient to place the species 
in Procecidocharoides. 
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A NEW FAMILY OF PROTURA FROM CALIFORNIA! 


DOUGLAS W. 


PRICE? 


ABSTRACT 


Hesperentomon macswaini is described and a new 
family, the Hesperentomonidae, is proposed for the genus. 
Hesperentomon resembles the Acerentomonidae in lacking 
spiracles and tracheae, and in possessing abdominal 


A species of Protura which is unique among 
the known members of the order has been found. 
To the writer’s knowledge this is the first pro- 
turan to be collected which lacks spiracles and 
tracheae and which also possesses three pairs of 
two-segmented abdominal appendages. 

The presence of three pairs of two-segmented 
abdominal appendages heretofore has been re- 
garded as an exclusive feature of the Eosentomon- 
idae. Members of this family, however, always 
possess spiracles and tracheae, structures which 
are considered to be of primary phylogenetic 
significance. Condé (1951) grouped the three 
families of Protura into two superfamilies, the 
Eosentomonoidea and Acerentomonoidea, on the 
basis of the presence or absence of these respira- 
tory organs. The species to be described clearly 
can be separated from the family Eosentomonidae 
and superfamily Eosentomonoidea by the absence 
of spiracles and tracheae. It may be distin- 
guished further by the presence of abdominal 
laterotergites (pleurites), transverse abdominal 
sutures, pectines on abdominal tergite VIII, and 
a stout foretarsal claw. 

The new species without doubt belongs in the 
Acerentomonoidea as defined by 
However, its relationship to the 


2r0- 


superfamily 
Condé (1951). 
two families of the Acerentomonoidea, the 
tentomonidae and Acerentomonidae, is not ap- 
parent. Since the manner of segmentation of 
the abdominal appendages in the new species 
more closely resembles the condition found in the 
Protentomonidae (first and second pairs two- 
segmented) than in the Acerentomonidae (first 
pair only two-segmented), an affinity to the 
former is suggested. Yet it should be noted that 
in addition to the presence of a two-segmented 
third abdominal appendage, the new species also 
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laterotergites and transverse abdominal sutures. It 
differs significantly in possessing three pairs of two- 
segmented vestigial abdominal appendages. 


possesses abdominal laterotergites and transverse 
abdominal sutures, features not found in the 
Protentomonidae. It appears to differ further by 
bearing two complete rows of setae on the typical 
abdominal tergites (III-VI) and by possessing 
well-developed dorsal and ventral apodemes. 

Rosas Costa (1950) proposed the subfamily 
Bolivaridinae and thereby divided the Acerento- 
monidae into three subfamilies, the Microento- 
moninae, Acerentomoninae, and Bolivaridinae. 
The following year Condé (1951) discussed the 
validity of the genus Microentomon (Ewing 1921) 
and for several reasons did not include this genus 
or the subfamily Microentomoninae (Ewing 1940) 
in his supraspecific classification of the order. 
Tuxén (1956) examined the type material of 
Microentomon and confirmed the belief of Condé 
and others that the genus was based on three 
immature specimens of either an Acerentomon or 
Acerentulus species which, due to the stage of 
development, could not be identified. Affinity 
of the new species to the Microentomoninae 
therefore is not considered. 

The Acerentomoninae are distinguished from 
the Bolivaridinae by the number of setae on the 
second and third abdominal appendages and by 
the presence (in Acerentomoninae) or absence (in 
Bolivaridinae) of abdominal laterotergites, trans- 
verse abdominal sutures, and a complete anterior 
row of setae on abdominal tergite VII. The genus 
Nipponentomon (Imadaté and Yosii 1959) should 
be included in the Acerentomoninae. In the 
opinion of its authors this genus is intermediate 
between Acerentomon and Acerentulus. 

Despite the wide divergence in pattern of 
segmentation of the abdominal appendages, it 
might be noted that the species herein described 
has two important characteristics which are found 
elsewhere in the order only in the subfamily 
Acerentomoninae. These are abdominal latero- 
tergites and transverse abdominal sutures. In 
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addition, the new species and the members of the 
Acerentomoninae both have pectines, two com- 
plete rows of setae on the typical abdominal 
tergites, and strongly developed abdominal apo- 
demes. Whereas these features may not indicate 
affinity to the Acerentomoninae, they do suggest 
that this new species is at least no more closely 
related to the Bolivaridinae or, more significantly, 
to the Protentomonidae. 

The new species exhibits several additional 
characteristics which may be important in deter- 
mniing affinities. However, since only one spe- 
cies is available, the stability of these characters 
within the genus is not known. For example: 
1. The foretarsus lacks clavate sensilla; it possesses 
only the normal body-type setae and a number of 
peglike sensilla. The pectines are not strongly 
developed, and there are no other pectinate 
structures present. 3. The body is large (1.5 mm.) 
and well sclerotized. 4. The abdominal tergites 
(except the telson) lack median setae; the typical 
tergites (III-VI) have 6 anterior and 12 posterior 
setae; the typical sternites (IV-VI) have 4 
anterior and 9 posterior setae. 

Since the number of segments composing the 
vestigial abdominal appendages and the presence 
or absence of respiratory organs are recognized 
as primary characteristics of the three families 
of Protura, the assignment of the species herein 
described to one of these families is not possible. 
Due to this fact and to the apparent lack other- 
wise of close affinity to any of these families, the 
writer believes that this new species from Cali- 
fornia represents an undescribed family of 
Protura. 


HESPERENTOMONIDAE Price, new family 
Spiracles and tracheae absent; with three 
of two-segmented abdominal appendages; ab- 
dominal terga with transverse sutures and 
laterotergites; dorsal and ventral apodemes pres- 
ent; typical abdominal tergites (III-VI) with 
two rows of setae. 


pairs 


Hesperentomon Price, new genus 


Type of genus: Hesperentomon macswaini Price, 
new species. 

Abdominal appendages identical in size, distal 
segment small; abdominal apodemes not branched 
laterally; pectines on tergite VIII not strongly 
developed; typical abdominal tergites (III-VI) 
with six setae in anterior row; typical abdominal 
sternites (IV-VI) with four setae in anterior row; 
laterotergite VIII absent or incorporated in 
tergite VIII; tarsus I without clavate sensilla, 
with peglike sensilla; claw I stout; head without 
rostrum. 


Hesperentomon macswaini Price, new species 


A robust species, resembling A cerentomon; total 
length 1,495 wu, width at abdominal segment III 
204 wp. 
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HEAD (see fig. 1): Triangular, length 153 yp, 
width 120 4; pseudoculi small but conspicuous, 
14.5 long, 10m wide; labrum not forming a 
rostrum; maxillary palpus with four segments, 
segment II with two lanceolate sensilla (13 u 
long), segment III with four setae, segment IV 
with about seven distal processes; labial palpus 
short, apparently two segmented, basal segment 
with four setae, segment II with about nine distal 
processes; “‘filament de sostegno”’ extends beyond 
outer (maxillary) branch of tentorium, reaching 
more than half the distance to end of inner 
(labial) branch, without obvious enlargements. 

Tuorax: Pronotum with four setae; inner 
pair 22 uw long, 47 » apart; outer pair 21.5 w long, 
30 w from inner pair. Leg I 289 u long; tibia | 
59 w long; tarsus I 86yu long; claw I 30 wu long. 
Tarsus I (fig. 3) with peglike sensory setae, lack- 
ing clavate sensilla; claw I (fig. 3) stout, not 
“S”-shaped. Mesonotum with irregular anterior 
row of 14 setae; inner (first) pair 16 uw long, 30 u 
apart; second pair 21.5 long; third 24 uw long; 
fourth 26.54 long; fifth 194 long and 254 
anterolateral to fourth; sixth 5yu long and Illy 
anterior to fifth; seventh 194 long and Illy 
posterior to sixth. Posterior row with eight setae 
inner pair 164 long, 36 4 apart; second pair 9 u 
long; third 21.5 uw long; fourth 104 long. Leg II 
158 uw long; tarsus II 43 w long; claw II 22 u long. 
Metanotum with anterior row of 12 setae; inner 
pair 16 uw long, 37 w apart; second pair 21 u long; 
third 25 uw long; fourth 28 uw long; fifth 13 4 long 
and 21 uw antero-lateral to fourth; sixth 19 u long. 
Posterior row with eight setae; inner pair 16 yu 
long, 52 w apart; second pair 9 uw long; third 21.5 u 
long; fourth 13 wlong. Leg III 179 uw long; tarsus 
III 46 w long, claw III 24.5 yu long. 

ABDOMEN: Dorsal apodemes present on seg- 
ments I-XI; ventral apodemes present on seg- 
ments II-XI. Vestigial appendages (fig. 4) with 
four setae on basal segment, no setae on distal 
segment. Tergile I with anterior row of four 
setae; inner pair 20 w long, 43 » apart; outer pair 
25 uw long, 37 4 from inner pair. Posterior row 
with 10 setae; inner pair 19 uw long; second pair 
Su long; third 28 uw long; fourth 13 yu long; fifth 
12m long. Tergite IJ with anterior row of 6 
setae and posterior row of 12 setae; inner pair 
posterior row 17 uw long; second pair 9.5 4 long; 
third 24 uw long; fourth 12 uw long; fifth 30 uw long; 
sixth 124long. Tergite III with anterior row of 
6 setae and posterior row of 12 setae; sixth pair 
posterior row 25y long. Tergites IV, V, and VI 
with anterior row of 6 setae and posterior row of 
12 setae, as in tergite III. Tergite VII (fig. 2) 
with anterior row of 6 setae and posterior row of 
14 setae; inner pair posterior row 254 long; 
second pair 19 uw long; third 28 uw long; fourth 13 u 
long; fifth 32 u long; sixth 17 uw long; seventh 32 u 
long. Tergite VIII (fig. 2) with anterior row of 
8 setae and posterior row of 12 setae; inner pair 
posterior row 30 yu long; second pair 164 long; 
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third 32 uw long; fourth 12 w long; fifth 16 uw long; 
sixth 32 ulong. Pectines (fig. 2) situated median 
to fourth pair of setae in posterior row, width 16 y, 
with nine teeth about 3.2 u long. Third setae in 
anterior row set 154 postero-medial to fourth 
pair. Tergites IX and X each with a single 
posterior row of 12 setae. Tergite XJ with a 


Sb NH AY 
DATING 


tergite 


Hesperentomon macswaini, n. gen., n. sp. 


Abdominal segments VII and VIII, lateral view. 
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single posterior row of six setae. Tergite XII 
with anterior row of four setae; inner pair 23 u 
long, 22 uw apart; outer pair 13 uw long, 5 uw lateral 
to inner pair. Posterior row with 5 setae; median 
seta 9.5 u long; first pair 27 uw long; second pair 
9 uw long, 4 uw lateral to first. 

Sternite I (fig. 4) with anterior row of four setae; 


0.20mm 


Fic. 1.—Head, dorsal aspect. Fic. 2 
Fic. 3.—Fore tarsus and claw I, outer 


Head, thorax, and abdominal segments I, II, and III, ventral aspect. 
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inner pair 16 yu long, 25 4 apart; outer pair 28 u 
long, 204 from inner pair. Posterior row with 
four setae; inner pair 13 w long, 28 uw apart; outer 
pair 19 uw long, 22 4 from inner pair. Sternite II 
(fig. 4) with anterior row of four setae and pos- 
terior row of five setae; median posterior seta 
14.5 long; first pair posterior row 13 y long; 
second pair 25y4 long. Sternite III (fig. 4) like 
sternite II. Sternite IV with anterior row of 
four setae; inner pair 22 wu long; outer pair 28 yu 
long. Posterior row with nine setae; median 
posterior seta 13 long; first pair 19 long; 
second pair 13 yu long; third 28 long; fourth 
25 long. Sternites V, VI, and VII (fig. 2) like 
sternite IV. Sternite VIII (fig. 2) with a single 
posterior row of six setae; inner pair 25 yu long, 
134 apart; second pair 14.54 long; third pair 
33 wlong. Sternite 1X with a single posterior row 
of six setae; inner pair 26.5 4 long; second pair 
14 long; third pair 31 yu long. Sternite X like 
sternite IX. Sternite XJ with an irregular row 
of six setae; inner pair 23 uw long; second pair 13 yu 
long and 7 yw antero-lateral to inner pair; third 
pair 24 uw long and 12 uw postero-lateral to second. 
Sternite XII with eight setae on posterior margin; 
inner (and distal) pair 9.5m long, 7m apart; 
second pair 28 wv long; third 23 uw long; fourth 10 u 
long. 

Pleurite I (fig. 4) with two setae; an anterior 
seta lly long and a posterior seta 13 long. 
Pleurite II (fig. 4) with three setae; two posterior 
setae 13 4 and 224y long, and one anterior seta 
24u long. Pleurites IIT, IV, V, and VI like 
pleurite II; smaller posterior seta adjacent to 
tergite. Pleurite VII (fig. 2) with one anterior 
and two posterior setae; the smaller posterior seta 
arises from the region between the pleurite and 
tergite. Pleurite VIII (fig. 2) is not present. 
Pleurites IX, X, and XI each bear a single seta 
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The species is described from the female holo- 
type which was collected together with 25 female 
paratypes by the writer from chaparral soil on 
Cahill Ridge, 1,600 feet elevation, 444 miles east 
of Half Moon Bay, San Mateo County, California. 
Averages of measurements taken of these 26 speci- 
mensare: total length 1,463 u, head length 163 u, 
tarsus I length 91 yw, claw I length 29.44, and 
tarsus III length 46.6 yu. 

No males were collected at the type locality 
(Cahill Ridge), however one male and seven 
females were taken from chaparral soil on Kings 
Mountain, 4 miles north of La Honda, San Mateo 
County. The male appears to be identical to the 
female in size and chaetotaxy, being distinguished 
solely by the presence of the male genital arma- 
ture. An additional 14 specimens, 10 females 
and 4 males, were collected from pine soil near 
Point Lobos Reserve State Park, Monterey 
County, California. 

The writer wishes to acknowledge the advice 
and encouragement of Dr. J. W. MacSwain, Dr 
R. M. Bohart, Dr. L. M. Smith, and the late 
Professor Gordon F. Ferris. 

Type: U.S.N.M. No. 64932. Paratypes are 
on deposit at the United States National Mu- 
seum, the California Academy of Sciences, and 
the University of California, Berkeley and Davis 
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A TECHNIQUE EMPLOYING BIO-PLASTIC IN THE EXCAVATION OF 
BURROWS OF GROUND-NESTING BEES' 


J. FRANKLIN HOWELL? 


ABSTRACT 


Bio-plastic, a thermosetting polyester resin, was 
found superior to plaster of Paris for making casts of 
nests of ground-nesting bees, with respect both to the 
results obtained and to time saved. Its method of 


Linsley et al. (1952) and Michener et al. (1955) 
have outlined methods for studying the life history 
and behavior of wild bees. The former authors 
have reviewed the methods employed in the past 
to facilitate nest excavation. They mentioned 
the use of such materials as plaster of Paris, 
molten metal alloys, water glass, and wax as 
tracers or markers of individual nests. Plaster 
of Paris was the most widely used of these 
materials. Records of its employment as an 
aid in excavating wild bee nests date back to 
1898 (Linsley et al. 1952). To prevent confusion, 
Michener et al. (1952) used plaster of Paris 
colored with tempera pigments to mark adjacent 
nests. 

Methods using plaster of Paris, and other 
materials discussed below, were used in studying 
the behavior of Nomia melanderi Ckll., a gre- 
garious solitary bee. Since the habit of this bee 
is to nest close to other invididuals of the same 
species, and in the same area year after year, the 
soil at a given site becomes honeycombed with 
burrows (tunnels). Therefore, it was essential 
that a tracer be used to ensure full identification 
of any individual nest. With plaster of Paris, 
satisfactory results were difficult to obtain even 
with considerable expenditure of time. The 
object of this paper is to report on a new tracer 
which seems superior to plaster of Paris with 
respect to results, feasibility, and time saved. 

All experiments were conducted between August 
5 and September 1, 1958, and between September 
2 and 12, 1959. The soil in the study area was a 
sandy loam. At nesting sites it was moist, well 
compacted, and alkaline, and often the moisture 
was visible on the surface. Midday air tempera- 
tures averaged 90° + 2° F. 

The author is indebted to Dr. K. E. Frick, 
Irrigation Experiment Station, Prosser, Washing- 
ton, for his suggestions and guidance and for 
making available the materials used. Thanks 
are also extended to Mr. H. W. Potter, of the same 
Station, for his technical assistance, and to Drs. 


‘This work was conducted at the Irrigation Experi- 
ment Station, Prosser, Washington. Information paper, 
Washington Agricultural Experiment Stations, Pullman, 
Projects 1402 and 1426. Accepted for publication 
February 17, 1960. 

*Research Assistant, Department of 
Washington State University, Pullman 
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material, rubber 


employment is described. A_ third 
for making casts 


latex, was found entirely unsuitable 
of these nests 


H. S. Telford and M. T. James, Washington 
State University, Pullman, for their assistance in 
preparing this manuscript. 


MATERIALS AND METHODS 

To facilitate discussion of the advantages and 
disadvantages of the different tracer materials 
tested, the method for using each is outlined. 

Nest excavation was initiated using plaster of 
Paris as a tracer. This was formulated as out- 
lined by Linsley et al. (1952). After loose soil 
was carefully removed from the entrance of a 
nest, a mixture of one part plaster to three parts 
water was poured into the nest until it was filled, 
and this was allowed to settle. The water 
filtered into the soil, leaving a coat of plaster 
on the walls of the tunnel. The nest was then 


refilled with a mixture of one part plaster to one 
part water, and this was repeated until a deposit 


of plaster completely filled the nest. The plaster 
was then allowed to harden. Linsley et al 
(op. cit.) stated that excavation might be begun 
2) minutes after the surface plaster had hardened, 
but in the author’s experience 6 hours or more 
were necessary for hardening at depths greater 
than 4 inches. However, the soil dealt with 
here had a water content that approached 
field capacity. Following initial tests to de- 
termine the behavior of plaster of Paris, the 
procedure adopted was to pour the casts during 
the morning hours and to begin excavation the 
next day. During excavation the best results 
were obtained by leaving soil against one face of 
the cast to support it. 

Equipment necessary for using plaster of Paris 
in the field included clean water, a container for 
plaster, a beaker marked for determining the 
respective ratios, a stirring rod, and a funnel. 
Irrigation water was not desirable because of the 
debris *. carried. The choice of tools for exca- 
vation depended on the type and compactness 
of the soil. 

Parallel with the above, experiments were 
conducted using an aqueous solution of rubber 
latex. Four ounces (118 ml.) of the latex were 
diluted to a water-like consistency, the exact 
consistency depending upon the temperature. 
The procedure for filling the nest was id «tical 
with that using plaster of Paris. The la.cx often 
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congealed near the nest entrance, forming a 
plug, and it was necessary to remove these plugs 
with a straw as rapidly as they occurred. In all 
instances, the latex casts were excavated on the 
day following the one when the were poured. 

The equipment needed to handle the latex 
consisted of a funnel, a beaker, a stirring rod, and 
a source of clean water. 

A synthetic resin marketed by Ward’s Natural 
Science Establishment, Rochester, New York, 
under the name “Bio-plastic”’ was also used for 
making tracer casts. The formulation used was 
developed by trial and error, beginning with the 
manufacturer’s recommendation for a %-inch 
block. The most satisfactory formulation was 
prepared by stirring 6 drops of accelerator thor- 
oughly in 118 ml. of Bio-plastic and then adding 
12 drops of catalyst, stirring this in thoroughly 
also so as to insure even gelation. However, 
experience showed that half (59 ml.) of the above 
formulation was the most desirable amount to 
make up at one time, as this quantity of material 
could be disposed of in the 5 to 7 minutes before 
gelation took place in the beaker. The plastic 
was quite viscous, and its progress of flow through 
the lateral tunnels often was slow. Once a nest 
was filled, it required rechecking at least three 
times, and refilling if necessary. Care had to 
be exercised to pour down the side of the tunnel 
so that air within the nest could escape. If the 
tunnel were accidentally sealed by pouring directly 
into its center, or by any other means, an air 
pocket formed within the nest which could arrest 
the smooth flow of the plastic. In such event, 
pouring was discontinued for a short time to 
allow the air pocket to move to the surface and 
reopen the tunnel. 

The rate of gelation within the soil was related 
to soil temperature and moisture. Adequate 
gelation, though not complete, has been observed 
in 4 hours, but most satisfactory results were 
obtained by allowing the cast to remain within 
the soil for 24 hours. Gelation seemed to proceed 
slowly for many days; the most completely gelled 
cast remained in the soil for 10 days. Excavation 
was made easier since no supporting wall was 
necessary, and the soil completely encircling the 
nest could be removed when this was required. 
If a cast was broken, repairs were easily made 
after curing. Curing was accomplished by sup- 
porting the casts in their natural position in an 
oven, preset at 50° C., where they remained 
overnight. Heating. of the casts had to be 
gradual, as rapid temperature changes produced 
fractures, and therefore a preheated oven could 
not be used. 

The equipment necessary for working with 
Bio-plastic in the field consisted of two, or more, 
standard medicine droppers, a supply of conical 
paper drinking cups, scissors, and numerous 
glass stirring rods. A tray to hold the catalyst, 
accelerator, medicine droppers, and stirring rods 
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was constructed by drilling holes of appropriate 
size in a board measuring 2 by 6 inches, and a 
hole was cut in a box 6 by 6 by 3 inches to hold 
the cup while it was being filled. The plastic 
could be poured from its original container. 
Care had to be exercised to keep the droppers 
clean, and to use different ones for catalyst and 
accelerator. 

Six-inch stirring rods were prepared from glass 
tubing, and each was marked at the level indicated 
by the depth to which 59 ml. of water filled a 
paper cup. In the field, a rod was placed in a 
cup which was then filled with Bio-plastic 
formulation to the level indicated by the mark. 
The tip of the cup was cut off with scissors, 
making a very adequate funnel, and flow of the 
fiuid through the orifice was regulated by the 
thumb and first finger. The cup was discarded 
when empty, and the stirring rods were cleaned 
in hot water containing a liberal amount of 
detergent. 


DISCUSSION AND CONCLUSIONS 

Plaster of Paris had the disadvantage of being 
very fragile, and frequently broke during the 
process of excavation. The compacted soil 
where the work was conducted required a sharp 
steel instrument for digging or chipping it away. 
Invariably, chipping the soil above the lateral 
tunnel system resulted in breakage. The neces- 
sary caution exercised in excavating these casts 
increased the time needed to complete the job 
Each excavation required 3 to 5 hours, and it 
was felt that a stronger material would reduce 
this expenditure of time. Broken casts were 
essentially impossible to repair. It was recog- 
nized, though, that the final condition of the cast 
was unimportant, as the primary objective was 
merely to trace the nest. However, if the casts 
were not broken, diagrams of the nests were not 
necessary, and if illustrations were desired, the 
casts were easily photographed 

Another objection to plaster of Paris was the 
quantity of water needed to carry the plaster into 
the nests. The water had a tendency to follow 
roots and other objects traversing the soil, 
leaving a vein of plaster which, often, led the 
excavator off the course. Since filtration into a 
wet, compact soil was slow, a considerable 
amount of time was required to pour the casts 
The excess water often caused closely adjacent 
tunnels to collapse. Consistently, vertical el- 
bows in the lateral tunnel system did not retain 
any plaster; it seemed that the plaster settled to 
the lower portions of the tunnel and left only 
water in the upper portion of the elbow, so that a 
break in the continuity of the cast resulted. 

Excavation was laborious, regardless of the 
material used for making the cast. Plaster of 
Paris casts had to be supported, at least on one 
side, by the substrate to prevent collapse of the 
vertical elements. This limited the ease with 
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which the irregular, anastomosing, lateral tunnels 
could be followed—especially when they assumed 
a circular pattern with the vertical tunnel in the 
center. In such cases the plaster cast had to be 
broken. If the excavated casts were to be 
transported or moved about, they were placed in 
a box and thoroughly supported with cotton 
packing 

The rubber latex was mixed and poured in the 
same way as the plaster of Paris, but the volume 
of latex formulation necessary for a cast exceeded 
that of plaster of Paris. Solidification was more 
rapid around the circumference than in the center, 
and, the solidified latex being relatively imperme- 
able to water, the addition of more latex formu- 
lation was futile. This resulted in hollow casts 
that collapsed when excavated and generally 
were very difficult to handle. Solidification of 
the latex was sensitive to temperature; however, 
it could be slowed or even prevented by the 
addition of water. Erratic solidification caused 
excessive plugging, and often resulted in perma- 
nent plugs that could not be dislodged with a 
straw. Latex followed roots, etc., more readily 
than plaster of Paris. A latex cast tolerated all 
types of abuse; however, a diagram of the nest 
had to be drawn, as the cast when excavated had 
no resemblance to its mold 

Bio-plastic, unlike plaster of Paris and latex, 
required no carrier and thus the amount of 
material poured into the nest was reduced by at 
least 50 percent. In contrast to the other 
materials, gelation (hardening) was uniform 
throughout the cast—provided the catalyst and 
the accelerator were thoroughly mixed. The 
plastic filled the high spots in the vertical elbows, 
and the continuity of the cast was seldom broken. 
The plastic rarely filter . any distance into the 
soil about the nest, though it always penetrated 
for 1 millimeter, so that casts were often covered 
to this depth with adherent soil. This, however, 
could be peeled off easily. Though the plastic 
was quite viscous, it penetrated almost all tunnels 
very effectively, and it did not follow roots, etc., 
as did the other materials. The time required 
for excavation of plastic casts ranged from a 
minimum of 30 minutes to a maximum of 2 hours. 

Bio-plastic was quite substantial after gelation, 
and showed some flexibility. This permitted 
movement of portions of the casts in order to 
gain access to the remaining unexcavated parts. 
Thus casts could easily be obtained of portions 
difficult to excavate when other materials were 
used. Since the vertical tunnel system supported 
itself, the entire area circumscribing the nest was 
freed for excavation. This point could be more 
fully appreciated when a nest with a stellate 
system of lateral tunnels was encountered. 
If, in such a case, a supporting wall was retained 
(as with plaster of Paris casts), considerable 
gymnastics were involved in excavating the entire 
nest; and, with plaster, as previously mentioned, 
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it was necessary 1n such cases to break the casts. 
Bio-plastic casts, when broken, could be glued 
together easily after the plastic was cured. When 
casts were properly supported during curing, 
perfect replicas of the nests were secured, and 
for this reason it seemed unnecessary to make 
diagrams during the excavating process. Photo- 
graphs could be made (see fig. 1). For supporting 
the casts prior to curing, a premium grade of 
tissue paper was used. 

If a cast was desired that had an entire comple- 
ment of cells, it was necessary to open the cells 


Fic. 1.—Bio-plastic casts of alkali-bee nests. A, Cast 
tilted to show cell pattern (painted). The concave 
cavities at the base of the cells were formed by pollen 
balls. B, Cast showing circular laterals below which 
the cells are constructed. 
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that were capped and remove their contents, and 
to make a cast of each cell individually, and also 
to make a diagram showing the position of each 
one on the lateral svstem. After these individual 
casts had been cured, they were glued to the body 
of the cast (fig. 1) 

Satisfactory casts were not 
rubber latex was used. Plaster of Paris made 
serviceable but they were fragile and 
difficult to excavate; however, plaster was in- 
expensive and was easily prepared in the field 
The strength of Bio-plastic made it easy to exca- 
vate. However, it was expensive, and more cum- 
bersome to prepare in the field than was plaster 
of Paris. On the other hand, the time saved in 
pouring and in excavating the plastic fully offset 


obtained when 


casts, 
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the additional cost and the preparation necessary 
to handle the material under field conditions. 
Ninety-two Bio-plastic casts were prepared and 
excavated, with very satisfactory results, and the 
time saved (contrasted with the plaster of Paris 
method) was not negligible. Bio-plastic was 
found superior in all respects to plaster of Paris 
for permanent casts. 


REFERENCES CITED 

Linsley, E. G., J. W. MacSwain, and R. F. Smith. 1952. 
Outline for ecological life histories of solitary and 
semi-social bees. Ecology 33(4): 558-67. 

Michener, C. D., E. A. Cross, H. V. Daly, C. W. Retten- 
meyer, and A. Wille. 1955. Additional techniques 
for studying the behavior of wild bees. Ins. Sociaux 
2(3): 237-46 
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ABSTRACT 


Total counts of the haemocytes of nondiapause and 
pupae of the pink bollworm 
Pectinophora gossypiella (Saund.) ) showed no significant 
differences between the three groups—averaging 18,962 
cells/cu. mm. in the fourth-instar larvae and 22,174 in 
the pupae. The differential counts showed no differences 


diapause larvae and 


A knowledge of the normal haemocytes of an 
insect is necessary to physiologists, toxicologists, 
and biochemists, as changes in the types and 
1umbers of cells reflect changes in the physio- 
Abnormal changes may be due 


logical processes. 
to poisons and diseases (Tareeva and Nenjukov 


1931, Pilat 1935, Lepesme 1937, Yeager and 
Munson 1942, Toumanoff and Lapied 1950, 
Arnold 1952a,b, Jones and Tauber 1952, 1954) 
The physiological and biochemical functions of 
haemocytes have been reviewed by Arnold 
(1952a), Munson (1953), and Wigglesworth 
(1947, 1959). 

A study was made at Brownsville, Tex., to 
determine whether any differences existed in the 
haemocyte counts of normal nondiapause and 
diapause larvae and their respective pupae 


PROCEDURE 
Nondiapause and 1- and 4-month-old diapause 
fourth-instar larvae and 5-day-old pupae from 


nondiapause and diapause larvae were used. 
‘In cooperation with the Texas Agricultural Experi- 
ment Station. Accepted for publication February 29, 
1960 
*Resigned March 


25, 1955 


between the sexes within each of the three groups, but 
distinct differences between the the proleuco 
cytoids and plamatocytes being lower and the spheroi- 
docytes and cystocytes higher in the diapause larvae 
No podocytes or vermiform cells were found 


Stage 


Nondiapause larvae were collected as _ they 
emerged from green cotton bolls, 1-month-old 
diapause larvae from cotton bolls reared in a 
bioclimatic cabinet, and 4-month-old diapause 
larvae from infested seed cotton. A sample 
from each group was set aside in the laboratory 
for 30 days to make certain that the larvae were 
in the desired stage. The larvae were separated 
according to sex. Haemocyte counts of each sex 
of the larvae and pupae were replicated three 
times with eight individuals per replicate. 

All specimens were immersed in water at 60° C 
for 10 minutes to fix the haemocytes and to 
prevent cells from being withheld by the tissues 
(Jones 1954). An incision was then made in the 
prolegs or integument, and the haemolymph was 
drawn to the 0.2 mark of a _ white-blood-cell 
diluting pipette and immediately diluted to the 11 
mark with Tuerk’s solution (1-20 glacial acetic 
acid, slightly colored with gentian violet). The 
haemocytes were counted in a Neubauer haemo- 
cytometer by the standard technique used in 
making vertebrate leucocyte counts (Levinson 
and MacFate 1951). The cells in all nine of the 
square millimeter areas were counted, those 
lving on the lower and right boundary lines of 
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each square being included in the cell count of 
that square. Differential counts of the haemo- 
cytes were made from blood smears which were 
air dried, stained with Wright’s stain for 2 to 3 
minutes, flooded with water to remove excess 
stain, and dipped briefly in 0.29; aqueous oxalic 
acid for more brilliant differentiation. 

The classification by Yeager (1945) was used 
in these counts, with a slight modification 
Yeager recognized 10 classes of cells in his study 
of Prodenia. In this study the proleucocytoids 
and smooth-contour chromophile cells were 
grouped and called proleucocytoids, and the 
degenerating class of cells was disregarded. The 
classes used were follows: Proleucocytoids, 
plasmatocytes, spheroidocytes, cystocytes, erup- 
tive cells (spherule cells), oenocytelike cells, 
podocytes, and vermiform cells. No attempt 
was made to establish a mitotic index in these 
counts. 


as 


RESULTS 
differential haemocyte counts of 
1-month-old diapause larvae, 
are presented in table 1. 


Total and 
nondiapause larvae, 
and 5-day-old pupae 
Total and differential haemocy te counts 


Table 1 


Nondiapause larvae 
Haemocyte 


Female 


Ma le 


Total 17,615+1,041 20,349+5,708 

Differential 
Proleucocytoid 
Plasmatocy tes 
Spheroidocy te 
Cystocytes 


Erupt ive cells 
Oenocy 


2,426 
7,904 


ISO 2,155+ 388 
581 9,260 + 1,195 
3,344 319 3,560+ 311 
3,316 274 4456+ 516 

389 = 33 688+ 116 
cell 236 38 230+ 37 


tats 
LeinKe 


An analysis of variance at the 5% 


significant differences in the 
between the sexes, between the two types of 
larvae or pupae derived therefrom, or between 
stages, or in the differential counts of the 1-month- 
and 4-month-old diapause larvae. No podocytes 
or vermiform cells were found. A comparison of 
the differential haemocyte counts in terms of 
percent of the total counts is given in histogram | 


level showed 
total counts 


no 


DISCUSSION 

Most of the haemocytes fell into four classes 
proleucocytoids, plasmatocytes, spheroidocytes, 
and cystocytes. Within these groups the per- 
centages of cells were different for each stage 
These variations can be compared on the basis 
of the insect’s physiological activity in light of 
the present knowledge of the functions of blood 
cells in food transport, storage, and metabolism. 
Two developmental stages and three levels of 
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19,237 +1, 


7,383 + 


6,820 
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physiological activity were represented, the levels 
being highest in the nondiapause and lowest in 
the diapause larvae (unpublished data based on 
respiratory measurements and physiological obser- 
vations by the authors). 

The only known ee of proleucocytoids is 
as a precursor of other cell If the number 
of haemocytes required me in direct relation 
to the physiological activity, then the ae 
of proleucocytoids in the diapause ao ie (6% 
would be the lowest. The dais in histogram 
show this to be true. Thus, during diapause a 
small percentage of proleucocytoids in addition 
to the mitotic division of other cell es was 
sufficient to maintain the required cell balance 
Conversely, the 5-day-old pupae had high phy- 
siological activity and the turnover of cells was 
great; hence the number of proleucocytoids 
(30%) were highest to avoid general haemocyto- 
penia which occurs in many insects (Tauber and 
Yeager 1936). 

The known functions of plasmatocytes are the 
transportation and storage of nutritive materials 
such as glycogen and formation of connective 
tissue, and they are suspected of being active in 


pes. 


instar larvae and 5-day-old pupae (cells/cu. mm 


Diapause larvae Pupae 


Female Male Female 


Male 


432 21,350+1,646 ,931 +=4,761 610+ 968 
5,262 + 508 
), 229 + 552 
966 + 135 
520+ 329 
577+ 49 


56+ 32 


127+1,731 
378 = 10,713+2,985 
$,.359+ 664 1,738+ 417 
9,816 667 706+ 651 
63+ 20 577 35 
97 = 20 70+ 25 


204 8, 


oli 
5,638 + 


862+ 59 l 
504 
440) 
942 
84> 18 
77 IS 


4,011= 


growth and developmental processes, gluconeo- 
genesis, glycogenolysis, and other intermediary 
metabolic activities. The activity of this cell 
group varied directly with the physiological 
activity of this insect, the number of cells being 
highest in nondiapause and lowest in diapause 
larvae. If these cells had any part in growth and 
developmental processes, as has been suggested 
by Wigglesworth (1959), this function correlated 
with the lower number in diapause larvae in 
which growth and development had ceased 
Spheroidocytes are active in the transportation 
and storage of nutritive materials, particularly 
lipids, and probably lipid metabolism such as 
stored-food conversion and/or synthesis from 
carbohydrates and/or proteins (Arnold 1952a). 
In this study, spheroidocytes were most numerous 
in diapause larvae (219%) in which food reserves 
were utilized as the larvae had no food intake 
These cells were slightly lower in nondiapause 
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larvae (18°,), probably because the larvae fed 
until shortly before pupation, and had less lipid 
reserves. However, the number of cells should 
have been relatively high due to conversion of 
carbohydrates to fats. They were lowest in 
5-day-old pupae possibly due to greater demands 
put on these cells and the energy reserves in the 
earlier portion of the pupal period. This decrease 
in spheroidocytes has been noted in other insects. 
The number of lipid-carrying haemocytes de- 
creased during the latter half of the pupal stage 
of the southern armyworm (Prodenia eridania 
Cram.) (Munson and Yeager 1944) (Yeager 1945), 
the Mediterranean flour moth (Anagasta kuhniella 
Zell.) (Arnold 1952a), and the vellow mealworm 
(Tenebrio molitor L.) (Jones 1950). Munson and 
Yeager (1944) also found a decrease in the blood- 
cell fat of the southern armyworm. 

Yeager and Munson (1941) found that cysto- 
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cytes store, and possibly transport, glycogen. 
However, because of the great number of in- 
clusions, some of which are crystalline, they must 
have other active physiological roles. On the 
basis of the storage and utilization of stored 
glycogen, the diapause larvae, having the greatest 
need for storage and the lowest metabolic rate, 
and hence the lowest utilization rate, had the 
highest number of these cells (40%), then pupae 
(24°), and finally nondiapause larvae (20%). 
If the spheroidocytes are connected with lipid 
metabolism, then it is possible that cystocytes 
play some role in protein or nitrogen metabolism 
The utilization of food reserves and the problem 
of metabolic end products are common to both 
diapause larvae and pupae as they are in a minus 
nitrogen balance. The number of cystocytes 
increased in the pupae of the southern armyworm 
(Yeager 1945) and in stored yellow mealworm 
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larvae (Jones and Tauber 1952). Certain insects 
do use protein during starvation (Slowtzoff 1904, 
1909, Lafon 1941), and Ludwig and Wugmeister 
(1953) noted an increase of amino and nonprotein 
nitrogen in the haemolymph of starved larval 
Japanese beetles (Popillia japonica Newman). 
As previously indicated, there are - certain 
similarities in the haemocyte counts between 
starving larvae of other insects and the diapause 
larvae of the pink bollworm. The starvation of 
Mediterranean flour moth larvae brought about 
a decrease in plasmatocytes and proleucocytoids 
and an increase in spheroidocytes (Arnold 1952a). 
In starving mealworm larvae there was a tendency 
for plasmatocytes to decrease and cystocytes to 
increase (Jones and Tauber 1952). The increase 
in spheroidocytes in the diapause larvae of the 
pink bollworm further supports Arnold’s (1952a) 
belief that these cells are active in fat metabolism, 
because spheroidocytes increase in numbers 
whenever stresses such as starvation cause the 
utilization of food reserves. Ludwig and Wug- 
meister (1953) noted that the amount of free 
lipids in the blood of Japanese beetles rose during 
starvation, which also supports this conjecture 
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THE EFFECT OF INBREEDING AND CROSSBREEDING 
ON NUMBERS OF INSECTS'! 
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ABSTRACT 


The possibility that inbreeding and crossbreeding 
may affect the numbers of insects in nature has been 
considered. Inbreeding Oncopeltus fasciatus Dal. re- 
sulted in fewer eggs and in some cases lower survival of 
progeny. Crossing the inbreds restored fecundity and 
survival, and in some cases resulted in more offspring 


The sporadic nature of outbreaks of the gypsy 
moth has been studied by Friend (1945). He 
stated, “Our experience has been that during the 
course of an outbreak the population builds up 
for a few years, reaches a peak when the trees 
are completely defoliated, then abruptly declines.’ 
The outbreak of 1953-54 resembled a population 
explosion much more than a steady increase in 
numbers. 

Cole (1958) has proposed that this sort of cyclic 
occurrence is consistent with a sequence of random 
numbers. He has also (1957) noted that small 
populations lack genetic variability, and that this 
may be aggravated by inbreeding. After an 
outbreak of the gypsy moth, the relatively few 
survivors may be isolated, and since females 
cannot fly, the probability of inbreeding is high. 
If inbreeding is deleterious, the increase in popu- 
lation would be slow. On the other hand, any- 
thing which caused cross-breeding would result 
in a sharp increase in numbers. 

There is some support for this hypothesis from 
studies using Drosophila. Dobzhansky (1950) 
has stated that inbreeding of normally crossbred 
species usually leads to loss of vigor and that 
intercrossing usually restores the normal level of 
vigor. Gowen (1952) has shown that bybrid 
Drosophila produce more eggs over a longer period 
than inbreds, and that the number of eggs in- 
creases with the number of loci that are heterozy- 
gous. Robertson and Reeve (1955) found a 
similar quantitative loss of vigor in inbreds. 
Milani (1959) has observed increases in vigor 
from hybridization of inbreds of house flies. 

On the other hand, Franz (1949) has proposed 
that outbreaks of insects may collapse as a result 
of inbreeding. He suggests that outbreaks start 
because of relaxation of normally rigorous natural 
selection, which allows accumulation of indivi- 
duals that would usually not survive. These 
multiply, and recessives segregate. When normal 
rigorous selection acts again, mortality is very 
high and the outbreak collapses. 

The hypothesis that inbreeding and cross- 
breeding may be involved in fluctuations of 
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than from the original strain. Hybrids of Oncopeltus 
from strains from Ontario, Canada, and Connecticut also 
showed evidence of hybrid vigor. This hypothesis meets 
the requirements of randomness proposed by Cole to 
account for cycles of abundance. 


populations seems to be worth testing. The 
gypsy moth has only one generation a year, and 
it will take several years to obtain sufficient 
information to test this possibility. In the 
meantime, it is possible to inbreed insects which 
produce several generations a year. The larger 
milkweed bug (Oncopeltus fasciatus Dal.) was 
chosen for this purpose. 


THE TEsT INSECTS 

The milkweed bug is not abundant in Connecti- 
cut. It is usually possible to find it in small 
numbers in the fall. The distribution of milkweed 
is not continuous, and the bugs do not fly long 
distances. There is certainly a possibility that 
inbreeding occurs 

The “standard strain’? has been reared 
tinuously in the laboratory for about 15 years 
It was collected originally by Philip P. Wallace 
of Avon. After it had been reared for several 
years there was some difficulty because of a 
pathological condition since described by Beard 
(1959). At the time it was believed that in- 
breeding might have been responsible for the 
difficulty. Three lots of bugs were collected 
three different locations in the State, and a new 
“standard strain’? made by multiple crossing 
using equal numbers of males and females from 
each location. This is the present laboratory 
strain. 

A very interesting strain was obtained from 
Dr. A. J. Musgrave, Ontario Agricultural College 
Guelph. It proved to produce small numbers of 
eggs when compared with the standard strain. 


con- 


METHODS 
lab« Ta- 


Ten mating pairs were taken from the 
tory strain and the offspring reared separately. 


A male and female of that progeny from each 
pair were mated, and the process continued for 
four generations. At this time, 10 pairs of each 
of two inbred lines and from the standard strain 
were segregated, and the progeny reared to adults 
The results (table 1) show a great deal of variation. 
Inbred A produced as few as 2 adults per pair, 
and as many as 103. Inbred I produced from 10 
to 136. The random mated standard strain pro- 
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duced from 59 to 220 offspring per pair. These 
results showed a sufficient loss in vigor of inbreds 
to justify a continuation of the study. 

The relative portion of the loss in vigor con- 
tributed by reduction in number of eggs, and 


Number of adults from individual pairs of 


inbreds and random-mated pairs from 
the standard culture. 


Table i. 


Pair No. F, Inbred A F, Inbred I Standard 


130 193 
43 88 
136 133 
78 180 
33 217 
15 101 
44 136 
77 149 
10 59 
17 220 


61 147 


reduction in survival of progeny, is shown in 
table 2. Here the eggs from five pairs were 
counted, and the surviving progeny from five 
different pairs. Five of the ten pairs of inbred J, 
and one of inbred C produced no eggs. The 
most productive pair in inbred J produced more 
eggs than any pair of random-mated from the 


Number of eggs and adults from individual 
pairs of inbreds, F, hybrids and random- 
mated pairs from standard culture. 


Table 2 


Pair Fs F, 
No Inbred J | Inbred C 


J ,CiCcs: J Standard 


Eggs 
377 
0 
101 
138 
197 
163 


Adults 
112 
154 
56 
133 
51 


standard strain. However, no pair of inbreds 
produced more adults than the least productive 
pair of the standard. The results indicate that 
inbred J produced few adults because of both 
fewer eggs and poor survival. Survival from 
inbred C was about the same as from random 
mating. 


HYBRIDS 
Study of the effects of hybridization presented 
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some problems. If two inbreds are mated, the 
number of eggs is determined by the vitality of 
the female inbred. Only the fertility can be 
affected by the crossing. On the other hand, if 
the inbreds are crossed, and random-mated F, 
progeny studied, there is an opportunity for 
segregation, but there should be some increase in 
vigor. The latter method was chosen for the 
preliminary studies reported here. 

The results of such a cross of two inbreds is 
shown in table 2._ The results were very striking. 
There were no sterile females in the hybrids, 
although two produced very few eggs, and one 
very few adults. On the other hand, 4 of the 10 
hybrids produced more eggs than the most 
productive of the random-mated standard. 
Likewise, four of the hybrids produced more 
adults than the most productive of the random- 
mated standard. 


Table 3.—Number of eggs and adults from individual 


pairs of Ontario and standard bugs, and hybrids. 


Pair No. Standard OxsS SxO 


Ontario 


Eggs 
596 
149 
444 
586 
509 
516 


Adults 
421 
255 
170 
385 
296 
305 


Results from a study of the Ontario and 
standard strains, and of F, hybrids, is given in 
table 3. The Ontario strain produced fewer eggs 
and adults than the standard strain. The hy- 
brids produced fewer eggs than the standard, but 
the five pairs used for survival of adult progeny 
produced more adults than the standard. The 
Ontario strain resembled an inbred of the 
standard strain. The crosses resembled hybrids 
of inbreds, and indicated that the Ontario strain 
was not related closely to the standard strain. 


DISCUSSION 

These tests show that inbreeding does reduce 
vigor, even in an insect that may be subjected to 
inbreeding in nature. They indicate that crossing 
the inbreds restores vigor, and that in some cases 
the productivity of hybrids was greater than of 
the strain from which the hybrids were derived. 
The vigor of crosses of the Ontario and Connecti- 
cut strains is additional proof for the concept. 

The relative productivity of the hybrids is 
somewhat as expected from the observation of 
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Gowen (1952) that the best random-bred individ- 
uals are as productive as hybrids, but that hybrid 
vigor contributes to consistently higher perform- 
ance. 

It remains to be demonstrated that inbreeding 
and crossbreeding has any significance in the 
fluctuation of populations in nature. These 
preliminary results encourage further study, 
particularly since this hypothesis meets the 
requirements of randomness to support the 
suggestion of Cole (1958). 
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ABSTRACT 


determination of the dissolved 
oxygen concentration of media used to flood eggs of 
Aedes aegypti and A. nigromaculis, the effect of dissolved 
oxygen in stimulating hatching was found to be twofold. 
An inverse relation occurred between dissolved oxygen 
and hatching of eggs flooded under conditions of static 
oxygen level, very low levels being required to induce 
a high degree of hatching. In contrast, even a slight 
lowering of the oxygen level while eggs were flooded 


By polarographic 


The factor which stimulates hatching of aedine 
mosquito eggs has attracted considerable atten- 
tion, and several agents have been claimed to be 
effective (for review see Borg and Horsfall 1953) 
Two important discoveries have, however, done 
much to clear up some of the confusion concerning 
the hatching process, and have opened the way 
for additional studies of the physiological pro- 
cesses involved. Gjullin et al. (1941) and, 
independently, Gander (1951) demonstrated that 
hatching of eggs of various species of aedine 
mosquitoes was induced by a lowered dissolved 
oxygen level of the flooding medium. These 
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proved a powerful hatching stimulus. A decline lasting 
several hours was found in the dissolved oxygen level 
at the soil-water interface of flooded soil, so that a 
decreasing level, rather merely a very low level, of 
dissolved oxygen seems to represent the natural mode of 
stimulation. Exposure of eggs to 50% relative humidity 
significantly reduced the hatching response as compared 
with that of eggs kept under high-humidity condition 


results have been extended by others who have 
indicated that hatching of multivoltine species 
can be brought about by biological (i.e., bacterial 
respiration), chemical, or physical removal of 
dissolved oxygen. Borg and Horsfall (1953) and 
especially Horsfall (1956) have emphasized the 
importance of ‘“‘conditioning’” (the preflooding 
exposure of eggs to specific environmental 
conditions) in readying aedine eggs to hatch on 
flooding. Thus, the adequacy of conditioning is 
important in determining the egg’s response to 
the hatching stimulus. Failure to condition eggs 
adequately is undoubtedly responsible for many 
of the ambiguous results found in the literature 

During the course of an investigation of 
hatching of aedine mosquito eggs the role of 
dissolved oxygen as a hatching stimulus was 
reinvestigated. The results indicate that the 
stimulatory action of dissolved oxygen is not a 
single one, but is characterized by two distinct 
phases. Data on the influence of ambient 
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relative humidity on the hatching response of 
aedine eggs and the changes in the dissolved 
oxygen level occuring at the soil-water interface 
of flooded soil are also presented. 


MATERIAL AND METHODS 

A colony of Aedes aegypti (obtained from Shell 
Development Company, Modesto, California) 
was maintained in the laboratory as a source of 
eggs. All stages were kept at a temperature of 
25° +3° C., and the adults at 75 to 85 percent 
relative humidity. Blood meals were obtained 
from a chicken, and raisins were available to 
adults at all times. In order to obtain uniform 
eggs, the following schedule was adopted. A 
custard dish, 3!5 inches in diameter, half-filled 
with distilled water and lined with filter paper, 
was placed in the cage in the evening. When 
the dish was removed and covered the next morn- 
ing, the eggs were up to 16 hours old. Twenty- 
four hours later (eggs 24 to 40 hours old) the eggs 
were brushed or washed from the paper, ran- 
domized in the dish, pipetted in lots of 30 to 60 
onto pieces of filter paper 1.0 sq. cm. in area and 
placed in a humidity chamber.at 90 to 100 percent 
relative humidity. To prevent fungal growth the 
eggs were treated with Roccal (1:1000) by either 
washing during randomization or by placing a 
drop of Roccal on the paper following pipetting 
Eggs were left in the chamber from 2 to 8 weeks 
before being used in hatching experiments. In 
studies of the effect of drying on hatching, eggs 
were transferred to a 50 percent relative humidity 
chamber (saturated solution of Ca(NOs3)o.4H»sO) 
at 48 to 64 hours of age 

Females of A. nigromaculis were collected 
locally, fed citrated human blood, and the eggs 
treated as described above. 

Concentrations of dissolved oxygen were mea- 
sured with a polarograph (‘‘Elecdropode’”’, Fisher 
Scientific Company, Pittsburgh). With either 
1.4 or 1.8 volts applied across the electrodes, the 
galvanometer deflection could be compared with 
calibration curves prepared by means of the 
standard Winkler method, and read directly in 
parts per million dissolved oxygen. By impro- 
vising special polarographic cells, continuous in 
situ determinations were made of the changes in 
the dissolved oxygen of the flooding medium, as 
well as the dissolved oxygen level of the soil-water 
interface. Because the operation of the polaro- 
graph depends on the presence of an electrolyte, 
the flooding medium used in all experiments 
described here was an 0.01 M_ KCI solution 
Preliminary experiments showed that the KCl 
solution had no effect upon hatching of aedine 
eggs. 

Solutions of a ‘‘static”’ (1.e., unchanging) dis- 
solved oxygen level were prepared by bubbling 
nitrogen gas (Liquid Carbonic Corporation, 99.99 
percent) through the KCl solution until the 
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dissolved oxygen was reduced to the desired level. 
A paper bearing eggs was held on the bottom of 
an 8 ml. Stender dish while several volumes of 
the flooding medium were flushed through the 
dish. The dish was then sealed and set aside for 
| hour, at which time counts of hatching were 
made. In experiments requiring a constantly 
decreasing dissolved oxygen level, 0.005 M ascor- 
bic acid (Nutritional Biochemicals Company) was 
made up in 0.01 M KCl immediately before use. 
Eggs were flooded in a Stender dish modified so 
that frequent polarographic readings could be 
made. In experiments designed to present a 
decreasing dissolved oxygen level while avoiding 
the pH and redox potential changes caused by the 
unbuffered ascorbic acid solution, nitrogen was 
allowed to flow over the surface of the dish, while 
the reduction in dissolved oxygen was determined 
polarographically. 


VED OXYGEN PPM 


Fic. 1.—Effect of ‘‘static’’ dissolved oxygen level on 
hatching of Aedes aegypti and A. nigromaculis. 


In testing for a possible effect of CO, on hatch- 
ing, atmospheres containing different concentra- 
tions of CO, were made up by the volume dis- 
placement of water. Eggs were flooded in 1 ml. 
volumes of water which had been equilibrated 
against a constant flow of the atmosphere for 30 
minutes. The flow of the test atmosphere 
continued for 15 minutes after the eggs were 
introduced. The unit was then for the 
remaining 45 minutes until counts of hatching 
were made 

In determining the dissolved oxygen at the 
soil-water interface, soil was cut to yield a circular 
piece of sod 3 inches in diameter and 1 to 2 inches 
thick. Vegetation was cut to a height of 2 to 3 
inches, and the sample placed in a 600 ml. beaker. 
A depression 14 inch wide and deep was made in 
the soil surface, filled with mercury, and con- 
nected to the polarograph to serve as the anode. 
The dropping mercury electrode was positioned 
4 mm. above the anode. Aerated KCI solution 
was added to the cell to a depth of 2 to 3 inches, 
and determinations made of the changes in 
concentration of dissolved oxygen 


sealed 





Annals of the Entomological Society of America [Vol. 53 


Table 1.—Typical experiments comparing the relative efficacy of static and decreasing concentrations of 
dissolved oxygen for hatching eggs of Aedes aegypti. 


Static concentration 


Decreasing concentration 


No. 
eggs 


Percent 
difference* 


Percent 
Rate of hatch 


change 


Dissolved 
oxygen 


Percent Reductant 


hatch 


No. 
eggs 


Dissolved 
oxygen 


p.p.m./hr. 
2 
0 


p-p.m. 
6 
6 


p-p.m. 
8.5- 6. 
8.4-7 


Ascorbic acid 
78 12 Ascorbic acid 


56 9 


8 
10 
6 
6 
6 
6 


53 4 Ascorbic acid ] 
59 0 Ascorbic acid | 
50 Nitrogen 
55 18 Nitrogen 
49 14 Nitrogen 
36 11 Nitrogen 


“ISI bon tN he 


‘All significant at p<.0l. 


RESULTS AND DISCUSSION 

The inverse relation between dissolved oxygen 
and hatching of A. aegypti and A. nigromaculis 
eggs is shown in figure 1. Also shown is the effect 
of drying (at 50 percent relative humidity) in 
reducing the hatching response of A. aegypti 
eggs. The proportions of eggs hatching after 
exposure to the different humidities differed 
significantly (p<.05 by Student’s “‘t’”’ test) at 
oxygen concentrations of 0.0, 2.0, 5.0 and 6.5 
p.p.m. Hatches at oxygen concentrations of 2.0 
and 5.0 p.p.m. showed differences significant at 
p<.0l. Since drying increases the mortality 
rate of these eggs, the question of egg viability 
arises in relation to the reduced hatch of eggs 
kept at 50 percent relative humidity. All 
completely collapsing eggs were removed prior to 
flooding, although dissections were not made on 
nonhatching eggs to determine viability. It is 
felt, however, that since under maximal stimu- 
lation the hatch of eggs from 50 and 90 to 100 
percent relative humidity agreed to within 10 
percent of each other (fig. 1), reduced viability of 
the dried eggs was not an important factor, and 
that these data indicate a true change in the 
hatching response of the dried eggs to less than 
maximal stimulation. 

The relative effect of static and changing dis- 
solved oxygen levels on the hatching of A. aegypti 
eggs is shown in table 1. These data indicate 
that decreasing oxygen concentration is much 
more effective in stimulating hatching than is a 
similar but constant concentration. This effect is 
also seen when the dissolved oxygen concentration 
was artificially increased before the addition of 
ascorbic acid, and when the oxygen concentration 
was reduced by means of nitrogen rather than 
ascorbic acid. 

The stimulatory nature of a decreasing (rather 
than a static) dissolved oxygen level was recog- 
nized by Horsfall (1956), but the use of a complex 
organic flooding medium and the lack of suitable 
analytical techniques prevented a clear demon- 
stration of the phenomenon. These data thus 
verify and extend Horsfall’s observations. 


53-6 


6-8 3.é 
8-10 


2- 6 


3- 6 
3- 6 


SIS7 S151 O © SO te 


Tests for a possible effect of CO, on hatching of 
A. aegypti did not demonstrate any stimulatory 
action by this substance in atmospheric concen- 
trations of 5.0 and 7.5 percent. A slight inhi- 
bition of hatch occurred at a COs concentration 
of 10 percent with submaximal stimulation (4.0 
p.p.m. dissolved oxygen), and virtually complete 
inhibition of hatch occurred at a concentration 
of 20 percent. Although the CO, concentration 
of natural water might be expected to increase 
due to bacterial respiration, such an increase 
would not seem to exert any stimulatory effect on 
hatching. 


dissolved soil-water 


interface. 


Table 2.—Change in oxygen at 


Decrease in oxygen 
Repli- 
cates | Time 


Av. Range 


p-p-m p-p.m 


1 hr. 
17 hrs. 
1 hr. 


1.9 l 
6 6 
0.90 


Irrigated pasture 39-2 85 


Irrigated pasture 


Salt Marsh 0 10-2 30 


The duality of the dissolved oxygen effect 
raises the question of which may more nearly 
represent the situation occurring in nature. The 
data set forth in table 2 show that in the region 
of the soil-water interface the dissolved oxygen 
level of the medium undergoes a decline similar 
to that experimentally produced and described 
above. This decline begins immediately after 
flooding, but several hours are required before 
very low levels are reached. These facts, plus 
the observation that hatching in the field usually 
occurs shortly after flooding, seem to indicate 
that a decreasing dissolved oxygen level is the 
effective stimulus in nature. 

The experiments of Gjullin et al. (1941), 
Horsfall et al. (1958), Ingram (1954), Burgess 
(1959), and those described here, in which the 
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dissolved oxygen levels of the flooding medium 
were actually determined, seem adequate to 
establish the effect of reduced oxygen in stimu- 
lating hatching in at least several species of 
aedine mosquitoes. It also seems reasonable to 
assume that a decreasing, or low, oxygen concen- 
tration has been the effective agent in most 
reports of stimulation by nonsterile organic 
infusions used as flooding media. 

Other workers have reported evidence indi- 
cating either as yet unidentified stimuli or stimuli 
in addition to lowered oxygen levels. Thus, 
Gillett (1955) was able to induce some hatching 
in eggs of A. aegypti and Aedes africanus Theobald 
by reducing the temperature of the medium as 
well as by flooding with an organic infusion. The 
hatching of univoltine species, as yet little studied, 
possibly involves some undefined stimulus, al- 
though it is not clear that suitably conditioned 
eggs were available for testing (Beckel 1959). 

While additional research will be necessary to 
clarify these apparent exceptions, most data 
indicate that changes in the dissolved oxygen 
level of the flooding medium is an important 
factor in stimulating hatching of multivoltine 
aedine eggs 
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EFFECT OF TEMPERATURE ON THE RATE OF DEVELOPMENT 
OF LYGUS LINEOLARIS (HEMIPTERA: MIRIDAE)! 


R. L. RIDGWAY anp GEORGE G. GYRISCO? 
Cornell University, Ithaca, N. Y. 


ABSTRACT 


Using green legumes of the common bean, Phaseolus 
vulgaris L., as a source of food and as an oviposition site, 
the tarnished plant bug Lygus lineolaris (P. de B.) was 
reared in the laboratory. The incubation periods of 
the egg stage at constant temperatures of 15°, 20°, 25°, 
30°, and 35° C. were 42.08, 14.66, 7.62, 6.65, and 6.04 days, 
respectively. The rate of development of each instar 
was determined at 20°, 25°, and 30°, at which tempera- 


In a series of investigations on insects which are 
injurious to birdsfoot trefoil, Lotus corniculatus L., 
some aspects of the biology and ecology of the 
tarnished plant bug, Lygus lineolaris (P. de B.), 
were studied. 

A number of other workers have studied the 
rate of development of L. lineolaris and other 
species of Lygus at insectary or field conditions 
(Hughes 1943, Shull 1933). But, with the 
exception of rearing the tarnished plant bug at 
25° C. as reported by Waters (1943), little work 
has been done at controlled temperatures. Hence 


‘Accepted for publication February 23, 1960. 
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tures the mean total lengths of all instars combined were 
31.47, 19.68, and 14.91 days, respectively. First-instar 
nymphs failed to survive at 35°. Preliminary investiga- 
tions indicated a preoviposition period of 7 days at 30° 
and 35°, and slightly over 8 days at 25°. Some observa- 
tions on the preoviposition period were also made at 
lower temperatures. 


a study concerned with the rate of development 
of each instar, the incubation period of the eggs, 
and the preoviposition period of the adults at 
different controlled temperatures was undertaken. 


METHODS AND MATERIALS 


Waters (1943) briefly outlined a method for 
rearing the tarnished plant bug. His procedure, 
with a number of modifications, was used in the 
studies reported here. 

Adults collected from the field were placed in 
plastic containers approximately 4 inches deep, 
5) inches wide, and 8 inches long (fig. 1), which 
served as oviposition cages. In each cage a 
wire rack of 4-mesh hardware cloth held a single 
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Fic. 1 Oviposition cag 


Fic. 2.—Cages used for oviposition studies (left) and isolated rearing (right 
tarnished plant bug 
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green legume of the common bean, Phaseolus 
vulgaris L. From 20 to 30 adult plant bugs were 
placed in each container. To facilitate handling 
of the insects and plant material, a hole 11% inches 
in diameter was bored in one end of each con- 
tainer, and fitted with a cork. Screen wire, solid 
plastic tops, and perforated plastic tops were 
all used experimentally as covers for the ovi- 
position cages. After the early trials, the solid 
plastic tops were used predominantly because 
they functioned as satisfactorily as the others 
and were easier to clean. 

The oviposition cages were held at laboratory 
conditions, but all other phases of the rearing 
were carried on at controlled constant tempera- 
tures of 15°, 20°, 25°, 30°, and 35°C. Fluorescent 
light provided from 800 to 1,000 foot-candles of 
light within the temperature cabinets, and were 
connected to a time switch adjusted to provide 
14 hours of illumination each day. No light was 
admitted to the cabinet maintained at 10° C., to 
which reference is occasionally made. 

Each day bean pods were replaced with fresh 
ones. The pods in which eggs had been oviposit- 
ed were placed in S-inch desiccators which con- 
tained a sulfuric acid solution that would yield 
90% relative humidity, and the desiccators were 
then placed in the constant-temperature cabinets 
Each day the bean pods were examined for newly 
hatched nymphs. The legumes on which the 
eggs were oviposited had been labeled as to the 
date, and as newly hatched nymphs were found 
they were removed and the date was recorded. 
In this manner the period required for incubation 
of the eggs of the tarnished plant bug at various 
constant temperatures was determined. 

In connection with incubation of eggs oviposited 
in bean pods, Waters (1943) described some 
difficulty caused by the decay of the pods before 
the eggs hatched. This difficulty was lessened 
considerably by dipping each end of each pod in 
wax 

In the studies conducted in 1959, most of the 
nymphs were transferred to individual cages 
immediately after hatching, so that the rate of 
development of each instar could be followed 
while the insects were reared at different tempera- 
tures. Rearing of the nymphs presented some- 
what of a problem. However, a fair degree of 
success was obtained by placing each nymph in 
a small plastic container (34 by 34 by 11% inches 
in size) in which paper toweling had been placed 
with a section of bean pod whose cut ends had 
been dipped in wax (fig. 2). The paper toweling, 
which served to absorb excess condensation of 
the water of transpiration from the section of 
bean pod, was changed every other day. If 
water were allowed to condense on the sides of 
the container, the nymphs would be caught in the 
moisture droplets and die. 

In preliminary trials on a study of the pre- 
oviposition period, nymphs were collected from 
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the field and caged with bean pods in the labora- 
tory. The cages were examined each day, and 
all newly emerged adults were caged by sexual 
pairs in small, plastic boxes (2 by 2 by 34 inches 
in size). The sections of bean pods placed in 
the boxes to serve as food and as oviposition sites 
were examined daily for newly oviposited eggs 
(fig. 2). Some of the females held at the lower 
temperatures were dissected after 2 to 4 weeks 
to determine the state of egg development 


RESULTS 

The results of the studies on the effect of 
temperature on the incubation period of eggs of 
the tarnished plant bug are presented in table 1. 
The 7.62 days required for incubation at 25° 
corresponds closely to the 7 to 8 days reported 
by Waters (1943). As would be expected, eggs 
hatched more quickly at the higher temperatures; 
however, as the temperature was increased from 


Table 1.—The effect of temperature on the duration of 
the incubation period of tarnished plant bug eggs 
Oswego, N. Y. 1959 


Temperature* 
20 


Total no. of 
eggs 2: 37 84 
Range of duration 
in days 38-5: 2-17 5-7 5-7 
Av. duration in 
days 
Standard 
deviation » 7 0.577 


6 65 6.04 


0.526 


‘At 90% relative humidity. 
30° to 35°, only a slight decrease in the duration 
of the incubation period was detected. A limited 
number of eggs held at 10° for 36 days showed 
little, if any, sign of development, while eggs 
held at 15° showed considerable development 
after the same period of time. 

Tarnished plant bugs were reared from the egg 
stage to the adult stage at 20°, 25°, and 30”. 
Attempts to rear nymphs at 35° were unsuccessful. 
Although eggs hatched at that temperature, the 
nymphs did not live long enough to straighten 
their legs and assume a natural position. Of 84 
eggs that hatched at 35°, only three nymphs were 
found alive and they failed to live more than | 
day. 

The total number of individuals reared, the 
range of duration for each instar, the average 
duration for each instar, and the total duration 
for all instars are given in table 2. The only 
data in the literature which could be found for 
comparison were those of Waters (1943), who 
reported a nymphal period of from 15 to 18 days 
for this species. 

Considerable found in the 


differences were 
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The effect of temperature on the rate of nymphal development of the tarnished plant bug. 
Oswego, N. Y. 1959. 


Temperatures 


20° Instars 


3 


Total no of individuals 26 ‘ 17 17 

Range of duration in days 6-8 3-6 5-7 7-10 
7.00 
0.693 


6.00 7.88 
0.791 0 866 


Av. duration in days 


Standard deviation 


Total duration in days for 
31 47 


all instars 


*At 90°;-100° relative hun 

lengths of time required for the development of 
each instar. In order to evaluate these differences 
an analysis of variance of the mean length of 
each instar at the three different temperatures 
was conducted (table 3). The effect of tempera- 


Table 3.—Analysis of variance of mean lengths of instars 
of the tarnished plant bug reared at different 
temperatures. Oswego, N. Y. 


Analysis of Variance 


Source of Variation df 3.5 M.S. F 


Temperature : 27.94 13.97 104.25" 


Instars 10.45 2 61 
Error 1.07 134 
Total l 39 46 


“Significant at the 5% level. 


ture on the rate of development was significant 
at the 5% level, using the F test. The means of 
the duration of each instar in days averaged over 
temperature were tested for differences with 
Tukey’s h.s.d. test at the 5% level (table 4). 
According to this test, the fifth instar was longer 
than the second, third, and fourth; the first was 
longer than the second and third; no statistical 
differences in duration were detected between the 
first and fifth, the first and fourth, or the second, 
third, and fourth instars. These data agree, for 
the most part, with data presented by Hughes 
(1943) on the durations of different instars. 

In some preliminary investigations, using 10 
to 15 individuals, the preoviposition period was 
found to be 7 days at both 30° and 35°, and 
slightly longer than 8 days at 25°. A preovi- 
position period of 8 days at 25° was also reported 
by Waters (1943). A number of males and 
females were held at 10° for 28 days; the females 


25° Instars Instars 


19 
4 3-6 
41 2.6 76 4.05 
0.840 


26 18 36 2 
2-5 é { 4-6 2 

5.22 3.08 
0.736 


» 
5 l 
3.08 2 


0 800 0 686 0 686 0.707 


19 68 14.91 


were then dissected but showed no evidence of 
egg development. At 15°, females dissected 
after 14 days yielded a few eggs, about 6 per 
female, but other females held at that temperature 
failed to oviposit after 28 days. Females held at 


Mean number of days required for the develop- 
ment of each instar of the tarnished plant 
bug averaged over temperature. 
Oswego, N. Y. 1959. 


Table 4 


Instar®* 


5.72 $95 + 03 3.80 


same line are not 


*All 
significantly 
equals 1.03 


underlined by 


the 


means 
different at 


the 
5% level. Tukey’s D 


20° were found, upon dissection, to contain nearly 
a full complement of eggs (15 to 20), but other 
females held at this temperature also failed to 
oviposit after a period of 28 days 
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SCIENTIFIC NOTES 


Vitamin Content of Royal Jelly From Honey Bee 
Colonies Fed Normal Diet and From 
Those Fed Pollen Substitutes’ 


MYKOLA H. HAYDAK 


Department of Entomology and Economic Zoology, Institute 
of Agriculture, University of Minnesota, St. Paul 


Vitamin content of royal jelly produced by honey bee 
colonies in the apiaries has been studied by several 
investigators (see Johansson 1955, 1958). However, no 
information is available on the vitamin content of royal 
jelly produced by colonies fed pollen substitutes. 

In the present study the vitamin content of royal 
jelly produced by colonies kept in the laboratory and 
fed pollen and pollen substitutes has been compared with 
that of royal jelly from outside colonies. 

The procedure was as follows. Four queenright 
colonies, consisting of young bees which had never eaten 
pollen, were established in special cages in the labora- 
tory. Two of these were supplied combs with beebread 
(pollen stored in cells by the bees), the other two were 
fed a pollen substitute consisting of soybean flour, 
commercial casein, dried brewers’ yeast, dried skim 
milk, and dried egg yolk in proportions 1:114:1:1:14% by 
weight. The standard technique of management 
(Haydak 1958) was applied. 


Table 1. 


pantothenic acid; Wright and Skaggs (1944) for biotin; 
Horowitz and Beadle (1943) for choline; U.S.P. XV 
(1955) for vitamin B,2.; Methods of Vitamin Assay (1951) 
for thiamin; Atkins et al. (1943) for pyridoxine. The 
results of the analyses are presented in the table. 

These data show no striking differences in the vitamin 
content of royal jelly produced by the colonies in the 
laboratory, whether these were fed beebread or pollen 
substitutes. On the whole, the vitamin content was 
somewhat lower in the colonies fed pollen substitutes, 
but the pantothenic acid content was noticeably higher. 

However, considerable differences are seen in the 
content of some vitamins in royal jelly produced by the 
experimental colonies as compared with that obtained 
from the outside colonies. The pyridoxine and the 
folic acid content was strikingly lower, and that of niacin 
and choline considerably lower, in the former. The 
cause of such dissimilarity is not clear. Possibly the 
difference in the age of the nurse bees producing royal 
jelly in the experimental colonies and those in the outside 
colonies had some influence. While in the outside 
colonies the nursing duties, as a rule, were performed by 
young, 6- to 10-day-old bees, considerably older bees 
were forced to produce royal jelly in the experimental 
colonies. This question needs further investigation. 

Because no striking differences were found in the 
vitamin content of royal jeily produced by either the 
pollen-substitute- or the beebread-fed colonies, it appears 
that the makeup of an adequate diet does not appreciably 


Vitamin content of royal jelly produced by laboratory colonies fed either beebread (pollen) 


or pollen substitutes, and by outside colonies. 


Fresh-matter basis 


Pollen 


Component 
substitute 


Moisture, percent 54 
Protein, percent 12 

Pantothenic acid, ug/g 

Niacin, ug/g 44 

Riboflavin, ug/g s 

Biotin, ug/g 0 388 

Choline, mg/g l 

Folic acid, ug/g 0: 

Vitamin By, mug/g ca 0} 85 
Thiamin, ug/g 6: 6 
Pyridoxine, ug/g 4 { 2.24 


When sealed brood cells appeared in the colonies, 
the queens were removed. The bees started emergency 
queen cells from which royal jelly was removed when 
the larvae reached the age of about 3 days. Afterwards 
very young worker larvae, grafted in wax cups, were 
supplied to these colonies and, when the larvae were 
about 3 days old, they were removed and the royal 
jelly present in the cells was collected. Such a pro- 
cedure was repeated as long as the bees continued to 
rear queens. During the swarming season royal jelly 
from the queen cells containing about 3-day-old larvae 
was collected from the outside colonies. 

The combined royal jelly samples from the experi- 
mental colonies and those from the outside colonies were 
used for vitamin assays. Official methods of analysis, 
A.O.A.C., 8th Ed. (1955) were followed for protein, 
niacin, riboflavin, and folic acid determination; U.S.P. 
XIV (1950) for moisture; Nielands and Strong (1948) for 
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Dry-matter basis 


Outside 


colonies 


Pollen 


titute 


Outside 
colonies lle sub 


6 

0% 
2: 
03 
0 

5.4 
20 ¢ 


influence the vitamin content of the glandular sec 


of the honey bees 
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Feeding Preferences of the Cowpea Aphid 
Among Species of Melilotus' 


W. L. HOWE anv H. J. GORZ? 


The cowpea aphid (Aphis medicaginis Koch), con- 
sidered primarily a pest of the cowpea (Vigna sinensis), 
has been collected on numerous other hosts, both 
leguminous and nonleguminous. Among the leguminous 
host plants listed by Patch (1938) are four species of the 
sweetclover genus Melilotus—alba, italica, officinalis, and 
parviflora (indica). 

Early in June 1958, a natural infestation of the cowpea 
aphid developed at Lincoln, Nebraska, on a caged plot 
set up primarily to study preference of the sweetclover 
weevil (Sitona cylindricollis Fahr.) for various species 
and strains of Melilotus. A preliminary examination of 
the planting indicated wide differences in cowpea aphid 
infestation and that additional species of sweetclover 
were acceptable as hosts. Data on the feeding prefer- 
ences of this aphid are desirable for possible future 
correlation with those of the sweetclover weevil. Such 
correlation, if significant and high, would permit the 
use of an easily reared ‘‘indicator’’ insect and save 
considerable time in preliminary screening of plants for 
resistance to this weevil, an insect much more difficult 
to Tear. 


Table 1. 


Subgenus 
and 
species 


Coumarin 
content 


Eumelilotus 


alba 

alba 

alba annua 
offic inalis 
dentata 
hirsuta 
polonic a 
suaveolens 
wolgica 
taurica 
altissima 


High 
Low 


Micromelilotus (all annuals 
indica 

ttalica 

meSsanensis 

segetalis 

speciosa 

sulcata 


Low 
Low 
High 


Low 


*Subgeneric classification according to Schulz 


Included among the various entries in the cage were 
both high- and low-coumarin strains of sweetclover 
It was therefore possible to determine the relative 
importance of this chemical in host selection by this 
aphid. Coumarin is known to impart a bitter taste to 
plants. Observations by the authors and others on 
experimental. varietal plantings in the Great Plains 
region have demonstrated a strong preference for low- 
coumarin strains of sweetclover by several species of 
blister beetles (Epicauta spp.). However, differences in 
coumarin content had no apparent effect in the host 
preferences of the sweetclover weevil, in observations 
by Connin (1957) in the greenhouse, and by Howe et al 
(1958) in the field. 
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The plantings studied consisted of 47 strains repre- 
senting 15 species of Melilotus. Two replications were 
planted on May 7, 1958, in rows 2!4 feet long and 6 inches 
apart beneath a large screen cage. Heavy infestations 
of the cowpea aphid were observed in mid-June. On 
June 24 and 25, five stems were removed at random 
from each row and taken to the laboratory where counts 
were made. 

The Melilotus species observed, coumarin content, 
annual or biennial habit, and comparative aphid popula- 
tions are shown in table 1. These data indicate that 
feeding preferences were not associated with coumarin 
content or growth habit. Heavy aphid reproduction 
occurred on both high- and low-coumarin entries. It 
was apparent that this aphid can consume or be deprived 
of this compound without effect on its metabolism. 
Feeding preferences were not associated with differences 
in growth habit in M. alba, where both annual and 
biennial types were represented. 

Table 1 also shows that distinct feeding preferences 
did occur. In all but two species, the subgenus Micro- 
melilotus was preferred over Eumelilotus. Species of 
Micromelilotus averaged 285 aphids per strain, compared 
with 14 for Eumelilotus. The most favored host in 
Eumelilotus was a single strain of altissima. Great 
variation in preference appeared in the biennial, high- 
coumarin strains of alba. AC-91, an introduction from 
Turkey, and E23-1, a homozygous strain from the 


Preferences of Melilotus species* by the cowpea aphid, 1958 


Number Number of aphids 
of per 5 stems 


strains 


Range Average 


all biennials except a/ba annua 


15 
» 


I( 


3 
) 
) 

l 
l 
l 
l 
l 
l 


2 
9 
9 
| 
l 


1901 


Nebraska breeding program, were the most satisfactory 
hosts of the 20 strains of this species. It is probable 
that some substance present in Micromelilotus attracts 
the aphid; or, possibly, a repellent, rejectant, or toxin 
generally present in Eumelilotus adversely affects selec- 
tion in mixed plantings. Thorsteinson (1958) stated that 
feeding and host selection are influenced by ‘‘token"’ 
phagostimulants which may guide an insect and serve 
as indicators for satisfactory nutrients in the plant. 
Whatever the nature of the feeding stimuli, there 1: 
definite differential distribution into two closely related 
botanical groups of Melilotus, and this apparently 
oligophagous insect can distinguish their presence 
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Manometric Calibration For Insect Respiration' 


ROGER HOOPINGARNER?anpD STANLEY D. BECK‘ 


Certain difficulties are encountered 
Warburg manometric apparatus in studies on the 
metabolism of living insects. The normal use of the 
manometers and reaction vessel is with tissue homog- 
enates of known volume. The constant volume aspect 
of the standard procedure is often compromised by the 
necessity of estimating the volume of the insects being 
tested. Volume estimates based on weight or liquid 
displacement are often subject to rather large errors 

In a study of nutritional aspects of respiration, 
precise measurement was required that was not possible 


when using the 


'This work was sur by a research grant from the National 
Institutes of Health of Health Service 
1 Articl 578 from the Michigan Ag 
m February 15, 1960 


STANDARD TEST 


STEP 


Fic. 1 


Scientific Notes 


STANDARD TEST 


SIE é 


Standard-volume and test manometers. 


697 


using the conventional flask and manometer calibration 
techniques. Daily oxygen consumption for a series of 
wax moth larvae (Galleria mellonella L.) was measured 
while the larvae fed in a normal diet and in a diet to 
which certain chemicals had been added. Burk et al 
(1957) described a method of manometric calibration 
with air, using saturated water vapor to overcome dead 
air space. The usual method (Burk et al.) of air calibra 
tion is to add a known volume of water for vapor satura 
tion, and each step is attended with a 10-minute-shaking 
equilibration time. This procedure results in a more 
accurate determination, but is not workable when an 
insect is confined to the flask and is respiring. A modifi- 
cation of this method for use with insects is described 
as follows. 

The manometer and flasks are put into the water bath 
of the apparatus, preferably at or near room temperature. 
A standard manometer and flask of known volume is 
used for a reference volume. The standard volume is 
determined accurately by either mercury or gas libera- 
tion (Umbriet et al. 1957). 

The standard-volume and manometers are 
connected with a short piece of air-tight rubber tubing 
(see figure 1). The stopcocks are then adjusted so that 
the inner gas spaces of the two vessels are continuous 
With back-and-forth movements of the three-way stop- 
cocks, the capillary fluids can be adjusted to stable, 
approximately equal, preset levels. The equilibrated 
levels are read on all four arms of the two manometers 
(step 1). 

By means of simultaneous manipulations of the 
adjusting screws at the bases of the manometers, the 
level of the fluid is altered by a considerable degree to 
some suitable, but arbitrary, height at which equaliza- 
tion is attained (step 2). The change in volumes of the 
two systems has been equal, and opposite in sign 

The stopcocks are then closed off, and the level of 
the closed arm is brought back to the initial level and 


test 


ail 

sf 
hes," 

pe 





STANDARD TEST 


STEP 3 
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read immediately (step 3). The level in the open arm 
of the test manometer (h;) will be considerably lower, 
and that in the standard (h,) higher. Any differences 
between arms in the initial levels are added to or sub- 
tracted from the h; and h, values. 

The calculation of the volume is then reduced to a 
ratio of the two heights times the standard volume: 

Vi=(V.) (hs/hy), 
where \V, is the known, accurately determined, standard 
volume. 

Burk et al. (1957), in determining the efficiency of 
their method, found that in terms of precision it com- 
pared very favorably with mercury calibration, without 
the resultant complications. As with mercury calibra- 
tion, the accuracy varies with the technician but can be 
+l percent. This meets the needs of normal respiration 
experiments with whole insects. 

The air calibration system, without the normal 
time for equilibration and vapor saturation because of 
the metabolizing insect, is accurate to about 1 percent, 
and usually within limits of 3 percent. This accuracy is 
enough for respiration experiments of this type, and 
should compare favorably with any method which 
estimates the volume of the insect and diet prior to the 
experiment. 
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Plastic Paint As A Marker For Mites' 
PRESTON E. HUNTER 


Department of Entomology, University of Georgia, Athens 


One of the problems encountered in investigations of 
the life cycles of mites is the recognition of the different 
nymphal stages to determine their number and duration. 
The presence of a newly cast skin is a definite indicator 
of a recent molt; however, the cast skin is often difficult 
to find, especially if some food material or debris is 
present in the rearing container. 

In this laboratory the use of colored ‘‘NAMEL”’ 
plastic paint, available in most ten-cent stores, to mark 
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individuals has proven very effective in studying the 
duration and number of immature stages of a laelaptid 
mite, Laelaspis georgiae Hunter. This is the first North 
American record for this genus. 

Although the use of colored markers on insects is not 
new, its use for small organisms such as mites has not 
been reported, possibly because of the toxicity of various 
marking paints and the difficulty of applying the material 
in amounts that will not engulf the organism. For 
application of the paint a single bristle from a small 
household paint brush glued to the tip of an insect pin, 
or a finely pointed insect pin is used. The brush bristle 
has the advantage that when too much pressure is 
applied to the mite’s body, the bristle will bend without 
danger of crushing the mite. The tip of the bristle or 
pin point is touched to the surface of the paint; then a 
minute dot of paint is applied to the posterior part of the 
mite’s body. After some practice, all nymphal stages 
can be marked with a dot of the paint covering only a 
small spot on the opisthosoma. The paint sticks well 
and after application does not spread over the surface 
of the mite’s body. 

This procedure proved a great time-saver in studying 
the life cycle of the mite indicated above, as once an 
immature mite was marked rapid checks for molting 
could be made. When molting occurred, the color marker 
was shed with the cast skin; hence it was possible to 
tell at a glance if a molt had occurred since the last 
check. By remarking newly molted mites, the duration 
of each stage as well as the number of molts were easily 
determined. 

Records from marked and unmarked mites indicated 
no adverse effect of the material as used here; however, 
drops large enough to cover most of the body killed the 
mite. In the experiments carried out in this study no 
difference in longevity or in number of offspring was 
found between marked and unmarked female mites 
Also the durations of the nymphal stages were not 
different for marked compared to unmarked individuals 

This method is also useful in determining if differences 
occur in the longevity of an individual mite in a culture 
of 2 to 10 mites per container compared to the longevity 
of individuals isolated one per container. By the use 
of different colored paints, several mites can be identified 
for behavioral and bionomic studies of single individuals 
in a group. In the studies carried out, adults marked 
just after emergence were still marked when they died 
several weeks later. 

The plastic paint has the advantage of being insoluble 
in water, extremely fast drying, and, in the minute 
amounts used, nontoxic to the mites observed in these 
studies. Its permanence and low toxicity should make 
this material useful for specific studies of individual 
mites or for single mites in population studies. 
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